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INTRODUCTION. 

Canadian experience with dourine extends over a period of fifteen years and covers 
the study and suppression of a rare and serious disease hitherto untnown in Canada. 

Although the disease is one of the oldest recorded in veterinary literature and 
has been known to the Arabs and in certain countries of Asia and Africa for centuries, 
it is only within the past twenty-five years that the nature of it has come to be 
recognized and understood. The blood parasite Trypanosoma equiperdum, seen for 
the firsit time by Eouget, in 1894, was for a long time contested by leading veterin- 
arians of Europe as being the specific cause of dourine, and the question was still 
in dispute ten years later when the disease made its first appearance in Canada. 

It was then recognized by Inspector Burnett (1904), and immediately afterwards 
by Dr. Rutherford, then Veterinary Director General, who, as a result of his investiga- 
tion and in the absence of positive proof, held to his conclusions and adopted a policy 
the wisdom of which was borne out by subsequent events. The long search for the 
specific cause of the disease and its discovery; the experimental work patiently and 
labouriously pursued year after year; the determination of specific serum methods 
of diagnosis, by the aid of which the disease was eventually suppressed; and the 
difficulties met with and overcome both by the veterinary inspectors in charge of the 
field work and by the pathologists in the laboratory — furnish an example of persistent 
and unrelenting effort and success achieved in an important problem of veterinary 
research and sanitary science. 

This report includes a review and summary of papers and records published in the 
Annual Eeports of the Veterinary Director General for the years 1904 to 1919, a. 
general description of the disease, and a number of appendices. 

It is presented by permission of Dr. F. Torrance who for the past seven years has 
directed the work of suppressing dourine and has brought it to success. 
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HISTORY, RESEARCH AND SUPPRESSION. 

Review and Summary. 



The disease was first observed in the province of Alberta, in the Lethbridge 
district, in the early spring of the year 1904. From the inquiries made in the 
neighbourhood it appeared probable that the disease had been introduced several 
years previously. Though the origin was never exactly located there is good reason 
for attributing it to animals brought in from the Western United' States in which, 
among range animals, the disease was known to exist from time to time. 

In March, 1904, Inspector Burnett, Chief Veterinary Officer of the Eoyal North 
West Mounited Police, reported the existence of dourine (Maladie du Coit) in a 
stallion and several mares, located near Lethbridge, Alberta. Dr. Eutherford. Veter- 
inary Director General, Dr. Hargrave, of Medicine Hat, Dr. Davison, of the United 
States Bureau of Animal Industry, and other veterinarians examined the affected 
animals and agreed upon the diagnosis. 

A quarantine station of 1,800 acres of fenced land was thereupon established 
near Lethbridge, where all suspected animals were gathered in and held under 
observation. Under the Animal Contagious Diseases Act, 1903, regulations relating 
to this disease were formulated and brought into force (Appendix No. 5). Pro- 
vision was also made for the slaughter of infected animals and the payment of reason- 
able compensation to the owners. 

The quarantined animals were re-examined after an interval of several months 
and when it was expected that acute or well-marked symptoms of the disease would 
have developed. Dr. Butherford reported that instead of finding an aggravation 
of symptoms and a progressive state of disease, a surprise was encountered in that no 
well-marked case was presented, that many of the affedted animals had improved in 
a marked degree, and that there was not among them any one case sufficiently 
pronounced to warrant .an order for its destruction. 

Doubts began to arise as to whether the disease was actually dourine or some 
other. Many examinations of blood and of the body fluids obtained from affected 
animals were made in the field, and specimens were sent to various laboratories, but 
without revealing any trace of the presence of the parasite or any definite information 
as to the nature of the disease. Dr. Rutherford drew attention to the fact that dourine 
as an indigenous disease in Asia and in Africa had become more irregular and uncer- 
tain in its course and manifestations in Europe and in America, and, probably, still 
further modified under the peculiar climatic conditions of the northwest provinces of 
Canada. The decision was made not to immediately adopt a policy of slaughter, but 
to hold the suspected animals for a further period in quarantine until more satisfactory 
evidence was obtainable, and also for the purpose of acquiring as much information 
as possible as to the behaviour of the disease in this country. 

In May, 1905, the animals were again examined by Dr. Eutherford and accompany- 
ing veterinary officers. In some cases the disease was found to have made progress, in 
others there was little change from conditions noted on previous occasions. One 
hundred and sixteen horses were destroyed; a considerable number held over for 
further observation. Special officers were detailed to deal with the disease and were 
authorized to order the slaughter of any clearly marked cases coming under their 
notice. 

In September, 1906, it was decided to slaughter all the animals at the quarantine 
station excepting a few which had been under observation for upwards of twelve 
months and appeared to be healthy. It was then arranged to utilize ihe existing 
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quarantine station for experimental work in connection with dourine, and 'Dr. Hadwen, 
an inspector at Nelson, B.C., was transferred to Lethbridge and placed in charge, with 
a number of condemned animals at his disposal. Three infected animals were sent to 
the Biological Laboratory, Ottawa, for study and experiments. 

Investigations were continued in the field and in the laboratories during the 
winter of 1905-06 and the following summer. The disease was found to exist in various 
parts of southern Alberta, and by October 31, 1906, 412 animals had been destroyed. 

At the Lethbridge quarantine station breeding experiments were conducted with 
the object of ascertaining Avhether apparently recovered mares would bear healthy 
offspring or would remain sterile. Diseased and healthy stallions were employed in 
these experiments. Several slightly affected mares were spayed in the hope that such 
cases could be spared destruction and usefully employed for work purposes only. The 
search for the dourine parasite Trypanosoma equiperduni was kept up continuously 
both at Lethbridge and at Ottawa. Microscopical examinations were made of great 
numbers of specimens; dogs and other laboratory animals were inoculated with blood 
and material obtained from diseased tissues, but all were negative in result and every 
attempt to detect the parasite met with failure. 

At the Biological Laboratory, Ottawa, Higgins and Watson, had made a cytological 
study of the blood of dourined horses comparatively with the blood of normal horses 
and in certain diseases. It was found that the leucocyte formula in dourine differed 
from that in normal horses and in the other diseases studied, and was ^ of some 
diagnostic value. A pathogenic trypanosome, Tr. gainbie.nse, was maintained and 
studied in a series of laboratory animals, mainly with the idea of acquiring a knowl- 
edge of the habits and characteristics of a blood-haunting protozoan parasite closely 
allied to that of dourine. In October, 1906, Watson took over 'the investigation of 
dourine and removed to Lethbridge. In JSTovember and December of that year he 
discovered trypanosomes in the blood of native " cotton-tail " rabbits and in a species 
of northern deer-mouse caught on the quarantine grounds at Lethbridge. These 
findings created much interest at the time, being the first record of trypanosomes found 
in mammalian blood in Canada. 

The important discovery of Tr. equiperdum was made in February, 1907, by 
Watson, in a dourined mare in which tlie disease had been recognized by Inspector 
Gallivan. The reproduction of the disease by inoculations of this parasite into healthy 
horses, and the recovery of the parasites from the typical lesions produced, removed 
all doubt as to whether the dourine of America was a trypanosome disease or not, and 
clearly established its identity with the dourine of Asia and Africa and of European 
countries. However, in Africa and Asia, where the disease exists in its most severe 
lorm, no great difSculty seems to have been encountered in detecting the parasite or 
in diagnosing the disease by its clinical manifestations. In Europe, on the contrary-, 
the search for the trypanosome was for many years unsuccessful, the course of the 
disease was found to be irregular and uncertain, and diagnosis, as a rule, had to be 
based upon clinical symptotms, which, as often as not, were too vague and elusive to 
permit of satisfactory conclusions. In America it was already evident that the disease 
occurred in a still more insidious form and that frequently in the early stages of 
infection, which might continue for very lengthy periods, neither a characteristic 
symptom nor a warning sign of the disease was presented. Further, and far from 
being an invariably fatal disease, many infected mares retained or recovered apparent 
health, though suspected of being capable of transmitting the disease to the covering 
stallion. The better bred and especially the pure-bred imported animals of high 
commercial value were usually the most severely affected and the first to succumb. 
Prairie-bred animals of the native pony and broncho types were best able to resist or 
tolerate dourine infection and to lend themselves as carriers of it, and in the absence 
of any reliable means of recognizing them as such, constituted a frequent and 
dangerous source of infection. At this time large herds of horses lived and bred on 
the open ranges where natural conditions all favoured the spread of the disease. 



The horse industry was thus faced with a serious menace and the Veterinary 
Department with the formidahle task of overcoming it. The prospect of eradication 
in face of the apparently insurmountable difficulties in diagnosis did not look encour- 
aging. It was decided to carry on research, to study the disease from its various 
aspects and, if possibe, devise a specific or accurate method of diagnosis which would 
enable the department to deal with dourine in ,an efficient and satisfactory manner and 
to finally suppress it in its entirety. 

During the next five years, 1907-12, cases of dourine were discovered in a 
number of the breeding districts in the provinces of Alberta and Saskatchewan and 
reported on by Inspectors Gallivan and W. L. Hawke. The procedure when an animal 
was found affected was to secure the fullest possible history of the case, to trace all 
animals which had been in contact by breeding and to quarantine sick animals 
for an indefinite period, forbidding them to be bred, sold or removed without 
a special license. Periodical examinations were made by the inspectors in charge, and 
as soon as a clear case of disease had developed the animal was destroyed. But it 
hap]>ened quite commonly that no definite symptoms could be detected until well on 
into the second year of the disease, and that in consequence horse-breeding among 
such groups of animals, often several hundred in numbers, had to be prohibited for 
two and sometimes three years in succession. Even then there was no certainty that 
some latent carrier did not remain undetected. In fact, as became known later on, 
in any large outbreak of dourine and especially among prairie-'bred animals, it is 
practically certain that such carriers do remain and can only be detected by specific 
methods of diagnosis. Although no bettor measures of control could be devised under 
the existing circumstances, the prolonged quarantine for observation purposes, the 
periodic examination by the veterinary inspectors and the maintenance of large 
breeding establishments or herds of brood mares which must not be used for breeding 
purposes, proved costly, onerous and unsatisfactory. These five years (1907-12), saw a 
great amount of research and experimental work accomplished at the Quarantine and 
Hesearch Laboratory, Lethbridge. Besides the original trypanosome strain several 
others were obtained from difi'erent sources of dourine outbreaks. Parallel series of 
experiments were made with the different strains in a close study of the pathogenecity, 
life-history and variations in the virulence of Tr. lequiperdum. The strains were main- 
tained in horses; the evolution of the disease in its various phases was followed from 
year to year and many observations and experiments were made upon the survivors. 
Mares which had spontaneously recovered, some from a natural and others from an 
experimental infection, were successfully bred and raised healthy offspring year after 
year. It was found that these mares resisted reinfection and that the serum of such 
animals had immunizing properties. The experimental treatment of dourine was 
investigated both from a preventive and a curative point of view, immunizing sera 
and special drugs recommended in other trypanosome diseases, e.g., atoxyl and arse- 
nophenylglycin, were employed and reported upon. The chief objective, that of deter- 
mining a precise method of diagnosis, was always kept in view, and to that end the 
study of the serum properties of dourined animals was a continuous one. Serum 
reactions and serum methods of diagnosis were worked out and included a serum- 
globulin test, a trypanosome agglutination test and a precipitin test. Of these, the 
agglutination test was the more satisfactory but did not meet all requirements. 

The winter of 1911-12 was spent by Watson in a study of trypanosome diseases in 
European laboratories. A German strain of dourine (Beschalseuche) and an African 
strain were obtained from the Imperial Health Institute, Berlin, and brought to 
Canada for comparative work. Good progress in the serum diagnosis of dourine was 
made during the year 1912. The Complement-fixation or Complement-deviation test,* 
after several modifications and improvements in technique had been made, was found 
to provide a specific, precise and uniform method of testing. As a means of diagnosis 
it answered all requirements and came into general use during the year 1913. Towards 

*See Appendix No. 2, pag:s 16, for explanation and description of the Complement-fixation 
test (for dourine. 



the end of that year a recurrence of the disease was reported in the southern districts of 
Alherta. The field investigations showed it to be of very wide extent and to cover the 
old centres of infection of the first known outbreaks occurring six to eight years pre- 
viously. On one company's ranch 2,718 horses were involved, including a number ol 
imported stallions and mares and several hundred animals of high grades and "^^lue. 
Blood was collected from every animal and sent to the laboratory. As a result of the 
first test over 400 animals were pronounced infected. Some scepticism was at first 
evinced by the owners as animals, apparently in perfect health, were condemned on the 
strength of a positive serum rea.ction. But as many of these animals began to show 
symptoms and when several had died, all opposition vanished and the owners were will- 
ing enough to have the animals slaughtered and compensated for, and to fully 
co-operate in stamping out the disease. 

The Complement-fixation test has since been employed wherever the disease has 
made an appearance in this country. It has proved of inestimable value as the ma,in 
factor in the diagnosis and suppression of the disease, enabling an early and definite 
decision to be made — ^just as soon as blood can be collected and sent to the laboratory. 
Instead of holding suspected animals in quarantine for indefinite periods extending 
into years it has sufficed to apply the test and, after a short interval and to eliminate 
any doubtful reactors a retest. It was most fortunate that this test was available when 
the recurrence and wide extent of the disease became known in the years 1913 to 1916. 
During this period every effort was made to cover the whole field of the disease, and it 
was then that the heaviesit toll was paid in slaughter and in compensation. The large 
Indian reservations situated within the infected area of southern Alberta were for long 
suspected of harbouring dourine. It was rarely possible to detect a case among tflie 
native ponies themselves but cases were frequently found among the better grades of 
animals of the neighbouring ranchers which from time to time strayed on to the 
Indian ranges. A serum test of these Indian herds indicated many cases of hidden 
infection and of dourine carriers. This was not surprising as the constant inter- 
mingling of herds, the Indian habit of letting young stallions go uncastrated until 
three or four years of age, and promiscuous breeding had given every facility for the 
scattering of infection. To drain out this remaining source the herds were gathered 
up and tested repeatedly at intervals of six months to one year, and the animals whose 
serum reacted positively in the complement fiLxation test were destroyed. 

In connection with the serum-diagnosis of dourine over 40,000 laboratory tests 
were made during the period 1912-20. 

Since the disease first came under departmental action aiid up to present date 
(1904 to 1920), 1,933 horses have been destroyed. 

The figures year by year are to be found in the table of dourine statistics given 
below. 

At the present day dourine appears to have been totally suppressed in Canada. 
If further outbreaks should occur or the disease be reintroduced it should never have 
an opportunity of gaining much headway now that there are the means of detectin"- 
it either in its initial or active stages or in its latent and hidden forms, and thus 
dealing with it promptly and efficiently. 

Finally, the testing of all stallions imported into the country and stallions that 
are travelled through the country for breeding purposes would prevent the reintroduc- 
tion of the disease and afford an adequate protection to the horse industry. 



DOURINB STATISTICS (ll9i0'4'-.2») . 



Year. 


Horses 
destroyed. 


Value. 


Compensation 


1904-05 


292 

120 

167 

49 

28 

37 

40 

18 

18 

•471 

394 

228 

48 

16 

5 

2 


$ 

24,045 00 

10,210 00 

15,505 00 

5,175 00 

3,760 00 

5,130 00 

4,960 00 

2,610 00 

3,145 00 

73,115 00 

48,931 00 

26,085 00 

4,924 00 

2,011 00 

392 00 

105 00 


$ 
16,029 94 


1905-06 


6,806 48 


1906-07 


10,336 44 


1907-08 . .... 


3,449 92 


1908-09 


2,506 54 


1909-10 


3,419 98 


1910-11 -. 


3,306 60 


1911:-12 


1,739 99 


1912-13 


2,096 00 


1913-14 


48,743 33 


1914-15 


32,080 66 


1915-16 


17,389 65 


1916-17 


3,222 63 


1917-18 


1,340 66 


1918-19 


261 33 


1919-20 


70 00 








1,933 


230,103 00 


152,800 15 



Note. — During the present year commencing April 1st, up to the time of going to press, 
November, 19i2i0', not a single case of dourine has been reported. The final test of the last 
remaining herd under suspicion — about one thousand mares and stallions running upon an Indian 
(Reservation—has been concluded, all the reactions being negative. 



DOURINE. 

THE NATURAL DISEASE. 



As it occurs in Canada dourine infection is diredtly communicable from the 
diseased to the healthy animal by either the horse or the ass through the act of sexual 
union and in no other way. It is caused by a protozoan parasite named Trypanosoma 
equiperdum and is the only known disease of trypanosomian origin that occM's m 
Canada. Natural dourine is very rarely, if ever, observed in an acute form. Start- 
ing from an infective coitus, at some point in the genital organs the disease takes 
an irregular 'and uncertain course but is essentially chronic and intermittent. 
Determining factors in its evolution are (1) the degree of virulence of the try- 
panosome strain, (2) the degree of resistance or of susceptibility of difierent breeds 
of horses, and (3) physical and functional conditions and disturbances dependent 
upon climate and seasonal changes, breeding, exhausting work, and stabling or living 
a natural life on the open ranges or pastures. As to virulence, Laveran and Mesnil 
have well stated that "the trypanosome of dourine constitutes one of the best 
examples of variations in the virulence of the same species following its origin and 
genealogy." The higher breeds of horses show the greater susceptibility. In the 
thoroughbred the disease is apt to make quick progress and manifest itself mainly in 
derangements of the central nervous system. In the heavier and sluggish breeds, such 
as the "Clydesdale," the disease is more halting and is marked mainly by oedemas 
and disturbances of the circulatory system. Native pony breeds are the most resistant 
and frequently serve as carriers and reservoirs of the virus for a duration of years. 
Donkeys are also well able to tolerate infection and to become dangerous carriers. 
Climatic changes and extremes/ of temperature may cause either an arrest or an 
advance in the progress of the disease, cold retarding and heat favouring it. Thus, 
in Canada it often lies dormant through the winter months, becoming suddenly and 
increasingly active during the first hot spell of weather in June or July. Under 
natural conditions on the open range or at pasture more resistance is shown to it 
than in stable-kept animals. Breeding, heavy work and physical exhaustion favour 
the disease, especially in the stallion. Mares that have become impregnated at the 
time of the infective coitus occasionally abort, but more often they carry their young 
to full term. It has been noted again and again that pregnant infected mares have 
remained apparently healthy up to the time of parturition and that shortly after and 
about the time of the first oestrum have changed to a state of obvious disease and 
rapid breakdown in which marked symptoms of dourine were presented. In short, 
while all horses are more or less susceptible to dourine, the disease itself, like most 
chronic infections, is susceptive to various modifications and interruptions. 

Infection. — Although infection is passed from the diseased to the healthy during 
the act of copulation, and in that manner alone, it does not follow that transmission 
is always effected at such time of contact. A stallion, for example, may infect all 
the mares he covers during one week and none during the next. The contact of 
two mucous surfaces, the diseased and the healthy, provided the dourine parasite 
is present at the time, is the only necessary condition for transmission. The trypano- 
some is quite capable of passing through an intact and mucous membrane and no wound 
or abrasion is needed for the virus to gain an entry to the tissues. But there are 
periods in the course of the disease when the parasite is absent from the genital 
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■mucosa and lies dormant in the tissues. These may be called "non-infective"; 
periods and may have a duration of weeks or of months; they are most apt to occur 
in the later stages and, consequently, animals in the earlier sitages of infection 
are usually the most active propagators, vyhile those which enjoy a temporary or 
partial immunity become the carriers. 

Period of Incviation. — The interval from the time of the infective coitus to the 
first appearance of symptoms or of visible changes varies and averages between two 
weeks and three months. It may be even longer and sometimes it happens that no 
symptoms can be recognized until the first winter has passed and the second spring 
or summer arrives. From an immunological viewpoint and as a period of sensitization, 
the incubation interval is less than one month, for specific serum reactions can be 
obtained within that time and usually in from ten to twenty days after infection. 

Evolution of the Disease. — Commencing as a local infection dourine habitually 
takes a chronic, intermittent and irregular course both in its local and general evolu- 
tion. With trypanosome strains of low virulence and in animals of strong resistance 
the infection may be arrested locally and held in check for an indefinite period and, 
in some cases appears to terminate there. In other cases, and such are in the 
majority, infection is both local and general, that is to say, it predominates locally, 
in the genital organs, throughout the course of the disease but, from time to time, 
finds its way to distant organs and tissues. In a third type of case the opposite holds 
good, that is, the genital organs acquire a partial or temporary immunity while the 
disease is progressing in other directions, and especially in its attack upon the central / 
nervous system. 

In most accounts of dourine the evolution of the disease is divided into three - 
well-defined periods or stages to which certain symptoms are ascribed, thus: (1) 
Primary — oedema, tumefactions and changes in the genital organs; (2) Secondary — 
plaques and skin eruptions; (3) Tertiary — paralyses, anaemia and cachexia. This 
arrangement is convenient for descriptive purposes but is arbitrary and rather apt 
to mislead an inexperienced observer of the disease in his conclusions or diagnosis 
based upon the clinical history and evidence. Actually, the disease operates in a 
succession of attacks, each attack being followed by a period of tolerance or teinporary 
immunity of very uncertain duration. One attack may follow another so closely 
that symptoms overlap or are never altogether absent. On the other hand, the attacks 
may be so far apart that in the long intervals between them there is no visible sign 
of tlie disease. Unless such an interval has continued for at least two years without 
any relapse it would be hazardous to assume that the animal had permanently 
recovered. As for the grouping and sequence of symptoms it should be remembered 
that symptoms of all three groups may be coexistent; or, that symptoms of one group 
may appear simultaneously with those of another, and that " primary " symptoms, 
or those categorized as such, may reappear after the first, second, third or any later 
attack, and, similarly, that those of the " secondary " or " tertiary " groups may recur 
repeatedly and irrespectively of the order or sequence indicated. 

In short, the disease is marked by stages of exacerbation, tolerance and relapse, . 
any of which may be of short or of long duration. -They may occur but once or may - 
be repeated over and over again before the final stage either of recovery or of 
decline. The symptoms most frequently noted are fever, tumefactions and local 
oedemas of the genital parts and mammary glands, oedematous eruptions of the 
skin, knuckling of joints, and inco-ordinate movement, especially in the hind limbs, 
facial .paralyses, ocular lesions, anaemia and emaciation. The one true pathognomic 
symptom is the oedematous patch or " plaque " ; but, unfortunately, it is a rare 
symptom and can only be observed in a comparatively few cases. In the earlier stages 
of infection fugitive oedemas of the genital organs and paroxysms of fever are the 
rule, thus : — 

In a stallion the first symptom is a slight oedema of the sheath, often accom- 
panied by a slight swelling of the glans penis. The mucous membrane at the urethral 
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exit may show a bulging, infiltrated appearance and may even protrude from the 
opening. These first oedemas tend to disappear within a few days. After an interval, 
usuaUy fifteen to twenty days, the oedema returns and is apt to be more pronounced. 
It may involve a portion of the scrotum and fluctuates as a cold ^and painless sweUmg. 
As a rule there are well marked stages of augmentation and diminution with varying 
intervals between. The oedema advances in a succession of waves and during each 
recess an increasing extent of permanently thickened and indurated tissues can be 
noted. The penis may be in a state of paraphymosis, temporary or more or less 
permanent. In stallions of the heavy sluggish breeds the oedema may extend over the 
whole of the floor of the abdomen and reach along the chest wall to the brisket, 
dominating the clinical picture throughout the disease. In the lighter breeds, and 
especially in the more active and highly-strung running horses, this symptom may be 
slight and quite transient. 

In a mare, the first symptom is a patch of slightly swollen mucous membrane of 
the vulva or vagina and is closely followed by tumefactions of the vulva. Sometimes 
only one labium is involved, giving a distorted appearance to the vulva. The oedema 
vanishes and returns, the intervals becoming more and more irregular. The outer 
black skin of the vulva, and sometimes of the anus, may show irregular shaped patches 
of depigmentation. The patches usually extend outwards from the inner borders of 
the labia, at first appearing pink and then becoming white. They are of uncertain 
duration; in some cases they persist or remain as permanent leucodermic patches, in 
others they return to a normal appearance within six months to one year. At this 
stage the vaginal mucosa may show raised and thickened, semi-transparent patches of a 
glassy or straw-coloured appearance or somewhat mottled. Folds of swollen membrane 
may protrude into the vulva opening; the clitoris is often swollen and erect. 
Frequently there are spasmodic attempts to urinate, prolonged periods of oestrum and 
increased sexual desires. At such times there is an excess of vaginal mucous mixed 
with a serous exudate and occasionally tinged with blood. In the later stages of 
disease, and especially when an infected pregnant mare has aborted or foaled, there 
may be a chronic vesico-uterine discharge. In some mares the genital symptoms may 
be so slight as to escape observation. After infection has existed for six months or 
longer, and when it may be impossible to detect any abnormal condition of the vagina 
or vulva, it is not uncommon to find a slight oedema of the udder or of the skin and 
underlying tissues just anterior to the udder. Less comimonly there may be noted an 
oedema about the anus, or one or more patches between the vulva and the udder, or 
upon the inner surfaces of the thighs. Such symptoms, slight and vague as they may 
seem to be, are important, for it is in these serosities that the trypanosomes of dourine 
are most likely to be found by patient searching. 

The true "plaque," or "dollar spot," differs somewhat in appearance from the 
oedematous patches already mentioned. The " plaque " has been aptly described as a 
thin disc of metal slipped under the skin. As such it may appear ujKin any part of 
the body surface, but seems to favour the sides covering the ribs. In Canada this 
characteristic symptom of dourine can rarely be observed. In many animals held under 
continuous veterinary observation, and in which this symptom was especially watched 
for month after month, in winter and in summer, a plaque was never known to have 
occurred. Others have exhibited plaques in the first, second and in the third years of 
the disease. In the most of cases the plaque has occurred singly and at wide intervals 
of time ; less often, two, or even three, plaques were observed at the one time ; and, in 
some rare cases, a rapid succession or " crop " of plaques during one brief period in the 
course of the disease. The average duration of a single plaque is four to five days. 
Rarely does the eruption and absorption of the swelling occupy less than three days 
or more than ten days. The average size is one and a half to two inches in diameter, 
and one-half inch in thickness or elevation. The site of a plaque, especially in animals 
with a smooth and glossy coat, is often made conspicuous by the staring or bristling 
appearance of the hair at that point. During the eruptive stage of the swelling and in 
the serous fluid the trypanosome of dourine can always be found. 
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Fever, distinctly of tlie intermittent or remittent type, may occur during any 
stage of the disease. It is more regular and pronounced during the early stages and 
before any marked tolerance or immunity has been acquired. A typical paroxysm has 
an average duration of five to six days, the maximum temperature, usually 104 to 105° 
r., being reached about the third or fourth day. The intermission ranges between 
twenty-one and twenty-eight days. These febrile paroxysms are closely associated with 
trjrpanosome cycles of development. A renewal of genital symptoms, the eruption of 
plaques, or a recurrence of oedema on some part of the animal body can usually bo 
detected during or just preceding the rise in temperature. As the disease advances 
the febrile conditions become more variable and inconstant. In the later stages a 
subfebrile temperature of about 102° F. may continue for weeks or months. Very 
little depression or constitutional disturbance accompanies the fever, even during the 
severer paroxysims, and the appetite is maintained throughout. 

The nervous system,^ is subject to severe disorders and disturbance, indicated by 
ineo-ordinate locomotory action and paraplegic conditions affecting the hind limbs, 
lips, nostrils, ear and throat. The animal shows a wabbling gait and sways from side 
to side. There is knuckling over at the fetlock joints, and, in unshod animals, the toes 
of the hind hoofs wear down from dragging and shuffling the feet. The animal is prone 
to trip over small obstacles and there is frequently a spasmodic contraction and 
relaxation of the muscles of the hind legs. Facial paralysis is nearly always unilateral. 
The ear, upper eyelid, nositril and underlip of one side of the head may be affected at 
the same time or only one of these appendages. The nervous symptoms are not as 
fugitive in character as the symptoms of the other groups. They tend to persist or to 
become aggravated independently of other symptoans, and, as a rule, are the more 
pronounced in the absence of other symptoms. 

Ocular symptoms are not constant and occur in only a small percentage of cases. 
They comprise photophobia, lachrymation, keratitis, corneal opacities and changes in 
the interior of the eye. Stallions seem more prone to ocular troubles than do mares. 
It is of interest to note that on more than one occasion a corneal opacity was the first 
symptom observed in animals that came under suspicion of dourine infection. 

The- duration of the disease averages between one and two years. Earely is it 
under six months; sometimes it extends to three years and occasionally to five years. 
As a rule, if an animal survives the third year of infection a permanent recovery of 
health follows. In such cases specific infection and immunity reactions are obtained 
with the complement-fixation test for an indefinite period and even up to 10 years. 

Termination and Mortality. — ^In cases advancing towards a fatal termination the 
decline is usually slow and gradual. The appetite remains good almost to the end and 
often appears excessive. There is a progressive anaemia and emaciation; the animal 
has a most dejected appearance and continues a miserable existence until finally, from 
exhaustion and paraplegia, it is down and unable to rise, and, unless destroyed, suffers 

a lingering death. ' 

In stallions the disease would appear to be fatal without exception; but in mares 
the evolution of the disease is slower and more irregular and uncertain in its result. 
Certainly, a large number of mares would make a natural recovery. The mortality 
depends upon the factors of virulence of the pathogenic agent and upon the resistance 
of the breed of animal infected. In the prairie-bred, native animal, the mortality is 
low; in pure-'bred, imported animals it is high. Among the naturally infected animals, 
representative of different types and breeds, at the dourine research station, the 
mortality has not exceeded 50 per cent. 

Pathological Anathmy.—T'he end stages of dourine are usually marked by a 
progressive emaciation and anaemia and in many cases, and more particularly in 
stallions, by oedematous swellings extending along the lower surf aces of the body. 
The oedema is sometimes of enormous extent and the swollen tissues in the r^ion of 
the scrotum and under the abdomen may be up to eight inches and more in thickness. 
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At the autopsy one finds more or less gelatinous exudation under the skin. In 
the stallion the scrotum, sheath and testicular coverings are thickened and infiltrated; 
and in siome cases the testicles ,are embedded in a tough mass df new sclerdtic tissue 
in which they are scarcely recognizable. In the mare the vulva, _ vaginal mucosa, 
uterus, bladder and mammary glands may show thickening and gelatinous infiltration. 
The lymphatic glandte, particularly the abdominal, are hypertrophied and softened 
and sometimes hemorrhagic. 

Further changes similar in character to those foundl in other chronic, wasting 
disease and anaemia may be noted, viz., gelatinous infiltration, serous transudation 
from the pleura, peritoneum and pericardium, and fibrinous deposits, adhesions and 
new growth on the liver, spleen, diaphragm and thoracic organs. Cystitis, pyelitis, 
nephritis, and bone marrow changes may also be noted. The spleen is not enlarged 
and may be under weight. The liver may be engorged with blood. 

The principal changes are to be found in the nervous system, and are most 
marked in the lumbar and sacral regions of the spinal cord. In animals in which 
paralytic conditions in the hind limbs have been severe and of long duration the 
cord shows softened, pulpy and discoloured areas. Histological examination shows a 
degeneration of the nerve fibres of the posterior columns, and a cellular infiltration, 
degeneration and 'atrophy in the extraspinal nerve trunks, particularly of the hind 
limbs. In accordance with these findings Marek names the disease Polyneuritis 
infeciiosa. 
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APPENDIX No. 1. 

DIAGN'OiSIS. 

Symptomatic diagnosis.— TlYie type of oedema affecting the genital organs, the 
eruption of the characteristic "plaque" and the peculiar nervous symptoms and 
inco-ordinate locomotion in connection with the hind limhs may sufSce for a 
diagnosis. ^ But in the early srtages of 'the disease and in latent cases it is diificult 
or impossible to detect any such symptoms or to recognize them with any certainty. 
The history of the case or cases suspected and the examination of the contact animals 
is important and not to be overlooked. Where it may be impossible to come to a 
conclusion in the case of a single animal, the symptoms presented in a group of 
animals may clear away all doubt. If it is found that only stallions .and brood mares 
are affected there are hut two covering diseases to consider, namely, dourine and 
coital exanthema. The latter is the disease most commonly confused with dourine 
owing to a misconception of the relative importance of ulcers and depigmented spots 
in these diseases. In coital exanthema the ulcers, preceded by vesicles and followed 
frequently by depigmented spots are characteristic lesions and the basis of a sympto- 
matic diagnosis; in dourine they are not and have very little importance. It has 
been said and repeated in many descriptions of these diseases that the depigmentation 
in the former is transient and in the latter permanent. I have found the opposite 
conditions to prevail. With regard to ulceration of the genital organs in horses it is 
extremely doubtful if such lesions ever occur as a direct result .of dourine or lany 
other trypanosome infection. I have never observed an ulcer in any case of 
experimental infection in horses. Ulcers have occasionally been noted in naturally 
infected mares, usually in aged animals, and in s'tallions, and also in normal mares 
and stallions. In appearance the lesions are quite similar in the dourined and in 
the healthy animals. In mares they are usually situated near the edges of the vulva 
and in stallions on the inverted portion of the penile sheath. Microscopical 
examination of deep scrapings frequently show spirochaetae infection. 

Detection of the paraisite. — In the naturally infected animal the trypanosome 
appears and multiplies in the serosities of local oedemas. It is futile to search for 
it in the blood. As soon as a plaque is signalled or an oedematous patch in the 
region of the vulva, anus or mammary gland is noted, the search should commence. 
The skin over the patch should be washed, shaved and dried. Two or three punctures 
are then made with a fine needle and if a clear or only faintly tinged serum exudes 
on pressure wet cover-glass preparations and stained smears are examined. A very 
long and thorough search should be made before pronouncing a negative result. 
Sometimes there are one or several trypanosomes present in each microscopic field 
but this is a rare finding. Sometimes only one or two organisms are to be found in 
the whole of the specimen examined. The object in puncturing the swelling with a 
fine needle is to avoid the blood vessels; the more the serous fluid becomes diluted 
with blood the less the chance of detecting the trypanosome. As a rule the parasites 
are present in the serous contents of the oedema only for a few days though the 
swelling itself may persist for several days after parasites have disappeared from it. 
It may accordingly be necessary to examine a number of oedemas before the parasite 
can be detected. 

In searching for the parasite in the vaginal tract the most oedematous looking 
patch of mucous membrane is slightly scarified and specimens of the exuding fluids 
are prepared for examination. A previous irrigation of the vagina with warm salt 
solution secures fresher specimens, richer in trypanosomes and facilitates the search. 
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The trypanosome is very rarely to he found in the massive oedema that spreads 
along the under surface of the abdomen nor in the oedema of the scrotum. 

In horses the parasites are always few in numbers and for long periods in the 
disease lie inactive so that detection is usually a very difficult matter, and diagnosis 
by microscopical examination is possible only in rare cases. 

Serum diagnosis.— The serum of dourine infected animals possesses certain 
specific properties which can be determined by (1) the complement-fixation test, (2) 
the agglutination test, and (3) the precipitin test. Of these, the first named is recog- 
nized as a delicate, safe and satisfactory method of diagnosis. The full technique 
and description is given further on (Appendix No. 2) together with some observations 
on the incubation period and longevity of dourine indicated by the serum reaction 
in the complement fixation test. 

The agglutination and precipitin tests^. * are useful aids to diagnosis but less 
satisfactory than the complement fixation method especially when large numbers of 
animals are involved. 

1 Winkler & Wyschelessky, Berlin, Tierarstl, Woch., Dec. 21, WU. 

2 Watson, Proc. Amer. Vet. Med. Assoc, 1912. 



APPENDIX No. 2. 



DOTJEINE AMD THE OOMPLEMENT-'FIXATIOISr TEST. 

The full description and detailed technique of the complement-fixation test method 
of diagnosis was published in 1915 in "Parasitology," and is reprinted in this appendix. 

Among the animals experimentally and naturally infected with dourine are some 
which have survived the whole period of these investigations, 1905 to 1920, some which 
showed tolerance and relative immunity for many years, some which succumbed to 
the disease and some which died from other causes (charts I, II and' III). The sera 
of many of these animals were used as controls in the 40,000 serum tests made during 
the period 1912 to 1919, the records of these re-actions furnishing some remarkable 
data, summarized below in table No. I. 

All the animals there listed (table No. I) excepting the last two, Nos. 180 and 182, 
were infected five to seven years before the complement-fixation test was available, so 
that the reactions for that period cannot be given. However, Nos. 180 and 182 were 
tested at intervals of a few weeks from the first to the fourth and fifth years and 
constantly gave positive reactions. Further, all other horses which succumbed to 
dourine in from one to five years, not included in this table but which were serum- 
tested at frequent intervals, gave constant positive reactions up to the time of death. 

Normal horses and horses in different stages of swamp-fever infection, used year 
after year as "negative controls," never gave a positive reaction. 

It may therefore be concluded that in dourine a positive reaction to the 
complement-fixation test is given in all cases up to the time of death from the disease 
and up to the fifth year after infection in cases that recover, and continued in some 
such cases up to the seventh, ninth, eleventh and thirteenth year. 

In experimental dourine of the horse and donkey the incubation period is de- 
termined by the complement-fixation test as ten to eleven days (table No II") 
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TABLE No. I. — Showing the serum reaction (to dourine) in the Complement-fixation test for a number 

of years after infection. 



Horse No. 




2 (Chart No 


. I) 


10 ( " " 


1) 


13 ( " " 


1) 


17 ( " " 


1) 


24 ( " " 


1) 


29 ( " " 


11) 


7f ( " " 


11) 


26 ( " " 


111) 


48 ( " " 


111) 


52 ( " " 


111) 


66 ( " " 


111) 


67 ( " " 


111) 


69 ( " " 


111) 


70 ( " " 


111) 


71 ( " " 


111) 


75 ( " " 


111) 


82 ( " " 


111) 


180 ( " " 


111) 


182 ( " " 


111) 



Complement-fixation Test. 



Positive. 



Negative. 



9th and 10th year. 



5th to 11th year.. 
5th and 6th year. 



7th to 13th year. . 



7th year. 



7th and 8th year. . 
9th and 10th year. 

1st to 4th year 

1st to 5th year 



9th year onwards. 

8th year onwards. 

6th year onwards 
9th " 

6th " 
7th " 

7th year onwards 
7th " 
7th " 
7th " 



TABLE No. II.— Showing the incubation period of dourine as determined by the Complement-fixation 

Test. 



Horse No. 
190 (Tabl'e No. Ill) 1st positive reaction, 11th day after inoculation. 
130 ( " ' No. Ill) " " 10th " 



Donkey 
183 (Table No. Ill) 



10th 



DOmilNE A!N<D THE OOMPLEMENT-fFIXATION TEST. 
By E. A. Watson, V.S., 

Pathologist, Veterinary Research Laboratory {Dominion Department pf Agricultune), 

Lethhridge, Canada. 

Introduction. 

This paper is written with the purpose of drawing further attention to the value 
of the oojnplement^fixation reaction as a diagnostic test in dourine and of recommend- 
ing a method of procedure and technique arrived at with an experience of 15,000 tests 
for dourine made at the Veterinary Eesearch Laboratory, Lethhridge. 

In a previous paper I have briefly described the serum reactions in dourine. 
Since that paper was published in 1912 (Proceedings of the Amer. Vet.-Med. Assoc.) 
diagnostic tests for dourine have been carried along continuouely at this laboratory, 
.together with exhaustive control and experimental Itests and the searching out of 
every possible source of error. By the numbers of horses available for experiment, 
the prolonged trial of the test through every known phase of the diseaee and its 
widest application in naturally occurring outbreaks, coupled with observations in 
company with the veterinary officers in charge of the field work, the complement- 
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fixation reaction has been thoroughly established as a sure, safe and specific method 
of diagnosing dourine. The experience shows that the test meets every requirement 
with regard to specificity, uniformity and decisiveness. It has been adopted as the 
official test for dourine in this country by Dr. F. Torrance, Veterinary Director 
General for Canada, who kindly permits me to publish this paper. 

By the complement-fixation test it has been possible— and without difficulty— 
not only to make a certain diagnosis of the more or less symptomatic casies, but, and 
of greater importance, to positively determine the existence of the non-clinical, obscure 
and latent forms of infection. 

Only by a systematic application of the test to every animal exposed to infection 
—and in no other way known at present— can the healthy-looking, so-called immune 
carriers of dourine be detected. When it is remembered that horses may tolerate a 
dourine infection for periods of one to three years and remain for that time normal 
in general health and appearance but capable at times of transmitting the disease, the 
necessity of an early and definite diagnosis is evident. The complement-fixation ,test 
furnishes this and thus becomes of great importance as a basis for the control and 
suppression of dourine. It is being applied in every known outbreak of dourine in 
Canada, and, as a precautionary measure, in the various studs and to stallions standing 
for service in the districts that have come io be considered as dourine-infected areas. 

Brief Explanation. 

The general principles and mechanism of the complement-fixation reaction are 
now so wideliy known that it seems unnecessary for the purposes of this paper to 
repeat them in detail, a few remarks on the subject sufficing to make it clear and 
intelligible. 

When an antigen is introduced into an animal either by way of natural infection 
or by artificial administration a group of reaction products arise in the animal's 
eerum — known as antibodiesi — bearing a specific relationship to the antigen and able 
to combine with it outside of the animal body under certain conditions. Micro- 
organisms, foreign blood cells and sera, albumens and many forms of protein matter 
are able to act as antigens. Thus an animal infected with dourine produces anti- 
bodies resulting from and specifically related to the dourine antigen, namely Trypan- 
osomla equiperdnm, the actual cause of the disease. 

In a similar manner, an 'animal which has received injections of the blood of 
another animal species becomes possessed of antibodies having a specific affinity for 
the blood of that particular species of animal. In other words, the antibody arising 
in response to the exciting antigen in the process of infection, sensitization, or immu- 
nization, has the specific function of acting upon the antigen to neutralize it or pre- 
pare it for destruction. i 

The complement-fixation test applied in the diagnosis of disease consists of two 
sets of antigen and antibody, that is, two distinct and separable combining groups 
having no relationship to one another but in each of which C ompleinieni — a constituent 
of normal serum — is an essential factor. It is convenient to distinguish these groups 
by referring to the one comprising haemolytic serum, red cells and complement as 
the " hasmolytic 'system " and to the other— closely related to. the disease— comprising 
dourine, antibody corresponding antigen, and complement as the " antibody-combining 
group." Thus : — 

Haemolytic serum ] 

Eed cells [Haemolytic system 
_, . , -1 7 f — Complement — 

Dourine or antibody \ A„4.;„p„ 

combining group I Antibody 
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Before the test can actually be applied the exact dosage of the different elements 
]n each group must he -worked out by e&reful quantitatiTe titrations — the most 
important step in the whole proceeding — and the operator must be absolutely assured 
that each group reaction is under his perfect control ' and that the least disturbing 
factor will be known to him. In the actual test only one complement unit isi employed 
(the minimal amount necessary for the completion of the haemolytic system) so that 
only one of the reaction groups can come into operation; it is according to whether 
the complement unit is attracted and affixed to the antibody-combining group or to 
the haemolytic group that we obtain a positive or a negative reaction.^ The former 
will always be effected when the antigen and antibody correspond^ that is, when the 
serum tested contains the speciiic reaction products of dourine infection even though 
in minutest quantity, so delicate is the reactitin. Neither the antigen alone nor the 
serum alone, when properly prepared, can take up the complement unit; to do so, all 
three factors must be brought into intimate .contact, and when the test serum does not 
contain specific dourine antibodies the complement is not -fixed to this group, but 
remains free to join with and complete the two factors of the , haemolytic system, so 
that the red cells undergo haemolysis and a negative reaction is indicated. 

Technique and Procedure Eecommended. 

Apparatus required. — ^Heavy glass tubes without lip, 5 inches by f of an inch, 
and racks to hold twenty-four tubes in a double row, one above the other. Small test 
tubes, 4 inches by I of an inch, for serum inactivation. Finely graduated measuring 
'pipettes of 0-1, 1-0, 5-0 and 10-0 c.c. capacities. Graduated cylinders, of 50 and KX) 
c.c. capacities. Erlenmeyer flasks of heavy glass, standard sizes up to. 500 c.c. capacity. 
Large centrifuge cups and small centrifuge tubes. Ampoules and vials. A high power 
centrifuge machine, large water bath, and incubator room. 

All glassware is sterilized by dry heat. 

Diluting, washing and preserving fluids. 

(1) Normal salt solution — ^0'"85 per cent pure sodium chloride iin freshly dis- 
tilled water. A large quantity should be made up (5000 c.c.) and steri- 
lized in flasks having a siphon attachment. 

(2) Citrated salt solution: 

Normal salt solution 100"0 

Sodium citrate 1'5 

(3) Preserving fluid for trypanosomes : 

Normal salt solution. 90'0 

Pure neutral glycerine 10"'O 

Formalin (Scherings) 0"1 

( 4 ) Preserving fluid for serum : 

Olycenine 95*0 

Phenol 5'0 

I. , Preparation of Reagents. 

A. The Haemolytic System. 

(a) Red Cells. — A quiet sheep may be bled in the standing position, otherwise it 
should be placed upon its back in a V-shaped trough and held there by the attendant, 
an assistant shaving the neck and preparing the site of operation. The operator draws 
from the jugular vein, under aseptic conditions, 50 c.c. (more' or less) of blood into a 
'flask containing glass beads, and in which the blood is defilsrinated. It is then run 
through a double layer of fine, sterilized gauze into large centrifuge cups, about 20 c.c. 
of blood in each, adding three to four times the amount of salt solution. The corpuscles 
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are thrown down by centrifugal force, the upper fluid taken away and replaced with 
fresh salt solution, and the mixture again centrif uged. Washing in this way is repeated 
three times, when the red cells are carefully measured and suspended in an equal 
amount of salt solution, this 50 per cent stock suspension being stored in the ice 
chamber until needed. 

(&) Eaemolytic Serum. — ^Eabbits have a variable amount of natural haemolytic 
amboceptor for sheep's corpuscles — 0-1 c.c. of fresh rabbit serum will usually haemo- 
lyze a like amount of 5 per cent corpuscle suspension. For test purposes a serum with 
a much higher haemolytic index is required and to obtain this rabbits are hyper- 
sensitized or immunized by repeated injection of sheep's corpuscles until a serum is 
given showing a haemolytic index of O-0OO5. 

Not less than six large healthy rabbits should be selected for the immunization, 
for one or several are apt to die from shock during the process. The rabbits are 
injected intraperitoneally with a first dose of 2 • 5 c.c. of the 50 per cent stock suspension 
cf sheep's corpuscles. Every four to five days a further injection is given, each time 
increasing the dose until, after five or six injections, it has reached 10 c.c. This dose 
is repeated once or twice. After the sixth or seventh injection 5-0 c.c. of blood is 
drawn from the heart of each rabbit, using a hypodermic syringe and a fine needle. 
The operation can easily be performed and does no harm to the animal. 

The serum of each rabbit is then heated for one-half hour at 56° C. and the 
haemolytic index established by titration {vide p. 22). It will be found, probably, 
that in only two or three rabbits out of six can the haemolytic index be raised to the 
desired degree, namely, 0-0005 or better. From such rabbits as much blood is drawn 
from the heart as will not endanger the life of the animal — about 25 c.c. The rabbits 
are then kept in reserve and can easily be reimmunized as required. 

Finally, the serum is separated from the corpuscles and stored in very small 
ampoules — 0-2 c.c. in each ampoule for convenience and economy — in the ice chamber. 
'Wben the serum is not to be used immediately it requires neither inactivation nor 
carbolization, and is, in fact, better without,, the index remaining constant or but 
very slightly lowered even after six months. But unless the serum has been collected 
under aseptic conditions, rather than risk it spoiling, 1-0 c.c. of the carbolized glycerine 
preservative is added to 9-0 c.c. of serum before measuring it into the ampoules. 

The whole procedure of immunizing rabbits, drawing blood from the heart, 
separating and bottling serum, can and should be carried out under aseptic conditions, 
(c) Complement.— Norm&\ guinea-pig serum in la fresh state furnishes a rich 
complement. Blood may be drawn from the heart, if desired, but as guinea-pigs are 
usually plentiful at a laboratory it is simpler to anaesthetize the animal in an ether 
jar, remove and suspend the guinea-pig over a centrifuge tube of 25 or 30 c.c. capa- 
city, sever the arteries and veins on one side of the neck, and collect all the blood. 
Centrifuge immediately, before coagulation takes place. The clear serum is taken 
oflF and placed in the ice chamber. 'Complement is always better used in the fresh state 
so the guinea-pig should not be bled until just before complement is needed for a 
titration or a diagnostic test. 

B. Dourine (antihodii) comlining group. 

(x) Antigen.-A stock dourine antigen is obtained as the result of inoculating 
a number o white rats with Trypanosoma e^uiperd.um, collecting the rat's Zd when 
teemmg with trypanosomes, and separating the trypanosomes from blood cells and 
serum by washing and centrif uging. ^ ''"" 

The blood of a dourine infected rat is colleptprl ir, a t^^^o^^i j. • • ,v. . 

salt solution to prevent coagulation. No let thin ten larlelv. Z^^'''®"'''* 
twenty-five rats, if a considerable amount of ant gen in eded ar?i '' V.T*^. '" 
peritoneally with the diluted blood, injecting an eqS IZ^'^:: oTottt^::! 
rat. This may be done very conveniently by taking a small sharivpointed p^'Utte with 
rubber tubing and mouthpiece attached, drawing the blood up To a point ma JL J by 
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a file or pencil, and expelling it into the abdomen, repeating the process with the same 
pipette for each rat. The object is to have all the rats come down together with a 
heavy infection. In the ordinary course a white rat dies of dourine between the end 
c.f the third and the beginning of the fifth day of infection. WJien ttwenty-fiive rats are 
inoculated at the same time about fifteen of them show a heavy trypanosome infection 
at the end of the third day, the remainder within the next 12-24 hours. It is necessary 
to make a rapid cover-glass examination of the blood of each rat forty-eight hours 
or so after inoculation and to sort the animals according as they show a light or a 
heavy infection into two or more groups. The result of the first blood examination 
will indicate approximately the time for a second' examination and upon that the hour 
for bleeding may be judged. The timing of this operation is important for in the last 
six or eight hours of infection the trypanosomes multiply enormously, and if the rata 
are left until well on into this stage a very rich antigen will be furnished. Careful 
timing, however, is necessary, for it may easily happen that eight or ten rats will 
all die within one to two hours, if left too long. The bleeding should ibe carried out 
as rapidly as possible. The wrriter's method is simple and efl^ective and may be worth 
describing in detail: 

A running noose is made out of a two-foot length of thin copper wire, doubled 
over in the middle and twisted to the ends, the ends being passed through the ?ing 
formed at the beginning of the twist to form the noose and attached to any convenient 
fixture over a laboratory wash basin, six inches above an operating board resting across 
the basin. An ether jar, a flask of citratled salt solution, two sterile covered 'beakers 
and a razor complete the outfit. 

An assfstant passes the rats one at a time into the ether jar and hands them over 
as required. The animal is held back downwards in the left hand of the operator 
whose index or middle finger presses on the left front limb of the rat. The noose is 
slipped over the head and arranged so that the pull stretches the left side of the neck 
bending the head slightly to the opposite side, backwards and downwards. A beaker 
half filled with citrated salt solution is placed in position under the neck, the arterites 
and veins on that side and close to the shoulder then severed with a single sweep of 
the razor. Usually, the animals bleed better if one avoids severing the trachea. In 
this way ten rats may 'be bled in half-an-hour. The volume of blood and citrated salt 
solution should be about equal or a slight excess of the latter. The mixture is then 
passed through a double layer of sterile gauze to remove any sma.ll clots and fibrin into 
narrow centrifuge tubes, 1,0 mm. diameter and 10 c.c capacity (when wider tubes are 
used it is more difficult to separate the trypanosomes and the wastage is greater). 
Centrifuge not longer than four to five minutes at 1,500 revolutions per minute so that 
the bulk of the corpuscles are thrown down while the trypanosomes remain in suspen- 
sion. Draw off the cloudy suspension fluid into fresh tubes, then the upper layer of 
corpuscles — more or less mixed with trypanosomes — into another tube, and the next 
layer into a second tubei, adding citrated salt solution and again centrifuging for 
8-10 minutes. Draw off and discard as much of the upper fluid' as appears clear andi 
free from trypanosomes. Tben collect from each tube into a single tube the upper 
pure white layer of trypanosom.es, in another tube the middle layers slightly soiled 
with blood, and in a third and fourth tube the lower layers in contact with the blood 
cells. Add normal salt solution now, not citrate, shake up well and centrifuge again, 
repeating the washings until all the trypanosomes are obtained in a pure white mass. 

Ten rats bled at the right time will furnish 5-0 c.c. of trypanosomes. Twice the 
volume of the glycerine-formalin preservative is added and the mixture stored in 
sealed amber ampoules, 1-0 c.c. in each, in a block of ice. 

5-0 c.c. of trypanosomes will make lOO c.c. of antigea, sufficient for more than 
500 diagnostic tests. The antigen will keep indefinitely if solidified by freezing, and 
for 6-8 weeks or longer when stored in liquid form, in sealed ampoules, on ice. 

{y) Antibody. — In the diagnostic tests the antibody, of course, is or is not 
present in the suspected serum. But for purposes of control and titration and to 
thoroughly understand the combining action of dourine antigen and antibody it is 
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absolutely necessary to have one or more series of known positive or spedfic dourine 
horse sera, of which the antibody content can be determraed. To obtain this a horse 
is inoculated with Tryvanosom^ eauiverdun,- Ten days later and at weekly mtervak 
thereafter, blood is drawn aseptically from the jugular vein the serum coHect^ and 
tested for antibody content {vide p. 28). A series of specific positive sera are thus 
obtained, representative of different periods and stages of the disease. Stored m the 
ice chamber the sera will retain their specific properties for many months even years 
if collected sterile. If not absolutely sterile the serum may be preserved by adding 
1-0 c c. of 5 per cent carbolized glycerine, or the same amount of iodized glycerine to 
9-0 c.c. serum. At the same time one should collect and store a number of negative 
control sera under the same conditions. 

II. Titration of Keagents. 

(1) Titration of Hdemolytic Serum (Amloceptor). 

Prepare the following stock dilutions of serum and corpuscle suspension :— 

1. Haemolytic serum (rabbit anti -sheep) Si""' 

Normal salt solution (0-85 per cent) '*''' 

100 " ....1 : 100 

2. Complement: . „ 

Fresh guinea-pig's serum I'J' „ 

Normal salt solution 1"'^ 

20-0 " ....1 :20 

3. Corpuscle suspensipji: . on" 

Washed sheep's corpuscles (50 per cent stock suspension '^'^ „ 

Salt solution 230 

25-0 " ....1 :25 
Further dilutions of the haemolytic serum are made as under: — 



Tube 







Salt 


Haemolytic 










solution 


serum 








c.c. 


c.c. 




No 


1 


30 


1-0 (1 : 100) equals 




400 (0-0025 serum in 1-0 c.c. ) 




9 


5-0 


1-0 " 




600 (0-0016 ■' " ) 




X 


7-0 


1-0 " 




800 (0-0012 " " ) 




4 


9-0 


10 " 




1000 (0-001 " " ) 




R 


0-5 


1-0(1:1000) " 




1500 (0-00066 " " ) 




6 


1-0 


1-0 " 




2000 (0-0005 " " ) 




7 


2-0 


1-0 " 




3000 (0-00033 " " ) 




8 


30 


1-0 " 




4000 (0-00025 " " ) 




9 


4-0 


1-0 " 




5000 (0-0002 " " ) 



In each tube 1-0 c.c. only of the dilution is held back, the excess amount being 
discarded, 1-0 c.c. each complement and red cell suspension added, which with 2.0 c.c. 
salt solution make a total volume of 5.0 c.c. in each tube. 

The complete titration set is then: — 



Serum 




Comple- 




dilutions 


Salt 


ment 


Red Cell 


(as above) 


solution 


1 :20 


suspension 


c.c. 


c-c. 


c.c. 


c.c. 


1-0 


2-0 


1-0 


1-0 


1-0 


3-0 


— 


1-0 


— 


3-0 


1-0 


1-0 


— 


4-0 


— 


1-0 



Tubes 1-9... 

Tube No. 10 
" No. 11 
" No. 12 



Titration set 

Serum control (1 : 100 dil.) 
Complement control 
Red cell control 



Mix well and incubate for two hours at 37° 0. 

The control set, tubes 10, 11, and 12, must not show any trace of haemolysis. 

The Utre of the haemolytic serum is indicated by the amount present in the last 
tube of the series 1-9 in which dissolution of all the red cells is complete, that is, the 
least amount necessary to dissolve a definite amount of red cells. 
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For example, if in tubes Nos. 1-6 haemolysis is complete, not quite complete in 
tube No. 7, and still less in Nos. 8 and 9, then the titre is the amount of serum in 
tube No. 6, or 1-0 c.c. of a 1:2000 dilution, 1 unit being expieseed at 0-0006. 

A serum with a unit value of between 0-0002-0-0005 is quite satisfactory, but 
when the value of a single unit exceeds th-e latter amount the results are not so good. 

The relationship and combined action of haemolytic amboceptor and complement 
should be clearly understood. To do this a number of experimental teste should be 
undertaken, using in one series only one unit of amboceptor with fractional amounts 
of complement, in another series two units of amboceptor and lesser complement 
fractions, four units and so forth, progressively multiplying the number of ambo- 
ceptor units while further reducing the fractions of complement. It will be found, 
for instance, that two units of amboceptor require a lesser amount of complement 
than one unit to completely haemolyse a standard amount of red cells. The lesser 
the amount of complement that can be siafely employed in the practical tests the more 
delicate becomes the fixation reaction, the equilibrium of the haemolytic system being 
more easily upset, even by a test serum naturally weak in antibody content and which, 
if a relatively laxge complement unit was employed, onight be insufEicient to give a 
complete reaction. On the other hand the reduction of complement must not be 
carried to such an extreme point that any slightly inhibitive property of one of the 
other reagents would tend to obscure it and give a false fixation. 

It is essential that for all subsequent titrations and teste a standard dose of 
haemolytic amiboceptor be fixed and rigidly adhered to. Por all practical purposes the 
use of two units of amboceptor permit of a sufficiently fine gradation of complement, 
while still allowing a miargin of safety. The dose is therefore fixed constantly at two 
units, to which complement is always titrated as in the next procedure. 

(2) Titration of Complement. 

Prepare (1) a stock dilution of guinea-pig complement and (2) a suspension of 
sheep's corpuscles, as in the previous titration. 

Also (3), an haemolytic serum (lamboceptor) dilution, so that 1-0 c.c. of the 
diluted serum contains two amboceptor units. For example, if the value of one unit 
is O-0O05, then 0-001 will be that of two units, the dilution being accordingly 1:1000. 

The titration of complement is of the utmost importance and requires the greatest 
accuracy, as already indicated. Until one has become familiar with the technique 
and expert in reading the reactions the titration is best carried out in a double set, 
the second having one-half of the amount of each reagent used in the first set, the 
■one serving as a check to the other. 

The two sete are arranged as follows :^ 

Titration of C omplement. 







First Set 


Second Set 




Salt 
solution 


Comple- 
ment. 


Haemol. 
serum 


Salt 
solution 


Comple- 
ment 


Haemol . 

serum 


Tube 


No. 1 


c.c. 
2-0 
2-0 
2-0 
2-0 
2-0 
2-0 
2-0 
2-0 
2-0 
2-0 
3-0 
3-0 


0-3(l":20) 

0-4 

0-45 

0-5 

0-55 

0-6 

0-65 

0-7 

0-8 

1-0 

1-0 


CO. 

1-0 
1-0 
1-0 
1-0 
1-0 
1-0 
1-0 
1-0 
1-0 
0-5 
1-0 


c.c. 
1-0 
1-0 
1-0 
1-0 
1-0 
1-0 
1-0 
1-0 
1-0 
1-0 

2-0 


0-15(1:20 

0-2 

0-225 

0-25 

0-275 

0-3 

0-325 

0-35 

0-4 

0-5 


c.c. 
) 0-5 


2 


0-5 




3 


0-5 




' 4 


0-5 




' 5 


0-5 




' 6 


0-5 




7 


0-5 




8 


0-5 




' 9 


0-5 




' 10 


0-25 




' 11 






' 12 












Add 1 c.c. red cell suspension 
to each tube. 



Add 0-5 CO. red cell suspension 
to each tube. 
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Mix well (avoiding undue frothing). 

Incubate at 38^39° 0. ■, r. ± ™;„,-,+ofl I'nrnhation. 

Agitate the mixtures again by shaking the racks after ten mmutee incubation. 

Eead the reactions oiie hour later. ,..,,. w nno unit of ambo- 

Tube No. 10 controls the original haemolytic ^^^^^^^ZllT^feZysis 
ceptor being used with an excess of complement. In this tuM compieue 

''^TubrN;. 1 will show only slight or partial haemolysis; - ^/f -j|%*^: 
series the reaction is seen to be increased, until usually between Nos. * and 7, a 
tube is reached in which the reaction is absolutely complete. The first tute m the 
series in which all the red cells are completely dissolved indicates ^^^ °°^Pj^«3 
titre. If this occurs in tube No. 5, for example, then 0-55 c.c. o/ ^ 1.20 dilution o. 
complement is the titre, equivalent to 1-0 c.c. of a 2-75 per cent dilution _ 

For the .antigen titration and final tests the complement is accordingly made 
up so that 1-0 c.c. of the dilution contains the amount of complement indicated by 

the above titration. , . i i +„ „-f 

From now on it is optional whether one employs the relatively large amounts o± 
reagents as given in the first set of complement titration, or the one-haK amounts 
as in the second set. The latter is the more economical, especially when ,a large 
number of tests are being performed, and is given personal preference to by tHe 
writer as it seems to provide an even more highly sensitive test reaction than wlien 
the larger amounts are employed. 

(3) Titration of Antigen. 

Dilute 1-0 c.c. of stock trypanosome antigen with 19-0 c.c. of normal salt solution. 

Prepare the complement and haemolytic serum according to their titration 
values already determined. 

Inactivate by heating for half-an-hour at 58° 0. in a water bath, 2-0 c.c. of 
known positive dburine horse serum and 2-0 c.c. of known negative or normal horse 
serum. . . . 

The antigen is then titrated in a double set, the one being with the positive 
serum, the other with double the amount of negative serum. Thus : — 





Positive set 


Negative set 






Known 








Known 










positive 








negative 










horse 




Comple- 




horse 




Comple- 




Salt hol. 


serum 


Antigen 


ment 


Salt sol. 


serum 


Antigen 


ment 


Control 


c.c. 


c.c. 


c.c. 


c.c. 


CO. 


c.c. 


c.c. 


c.c. 


Tube No. 1 


1-0 


U-1 


0-02 


0-5 


10 


0-2 


005 


0-5 


" 9 


1-0 


01 


0-05 


0-5 


10 


0-2 


0-1 


0-5 


3 


1-0 


01 


1-01 


0-5 


1-0 


0-2 


0-2 


0-5 


4 


1-0 


01 


015 


0-5 


1-0 


0-2 


0-3 


0-5 


5 


1-0 


0-1 


0-2 


0-5 


10 


0-2 


0-4 


0-5 


6 


10 


01 


0-25 


0-5 


1-0 


0-2 


Oo 


0-5 


7 


1-0 


0-1 


0-3 


0-5 


1-0 


0-2 


0-6 


0-5 


8 


1-0 


0-2 


— 


0-5 


1-0 


0-2 


— 


0-5 


9 


1-0 


— 


0-25 


0-5 


1-0 


— 


0-5 


0-5 


10 


1-5 






0-5 


2-0 




— 





Mix well and incubate for one hour and ten minutes at 38-39° 0. 

Mix together equal quantities of haemolytic serum (amboceptor) and red cell 
suspension, then add 1-0 c.c. of the mixture to each tube. 

Shake again and incubate for two hours longer. 

It is usually possible to read the antigen titre in IJ hours and proceed with the 
final tests; nevertheless, the tubes should be left or replaced in the incubator for 
the full two hours and then put on one side for further reference and to see i£ 
any further action has taken place. 
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Tube No. 10 is the control for tlie haemolytic system and must show complete 
haemolysis. No. 10 in the second set contains only haemolytic amboceptor and red 
cells and must not show the slightest degree of htemolysis. No. 8 controls the horse 
serum, No. 9 the antigen, the red cells being haemolysed in all. 

The positive set will show more or less complete fixation of complement — no 
haemolysis, except perhaps in the first and second tubes, the negative set complete 
haemolysis. When the antigen appears very strong there may be some inhibition 
in the negative set in the tubes containing the larger amounts of antigen. 

The amount of antigen to be selected as the titre for the final tests is that which 
gives complete fixation "with the positive serum while double the quantity in the 
corresponding tube of the negative set does not prevent or inhibit haemolysis. 

Til. The Serum to be Tested. 

OoUection of serum. — The chief point aimed at in collecting blood from suspected 
animals is sterility, especially when the specimens have to be transported over long 
distances and mailed to the laboratory. Absolute sterility is not essential, nevertheless 
as near as possible aseptic conditions are to be strongly recommended and the 
avoidance of adding carbolic acid or any other antiseptic fluid to the sample specimen 
as a preservative. The blood clot should be well formed and the serum odourless and 
clear or only slightly tinged with haemoglobin. 

The condition of a sample of blood may vary greatly according to the size and 
shape of the vial or tube containing it, the slowness or rapidity with which blood 
is run into the vial, the partial or complete filling of the vial, the shaking of the 
specimen before coagulation has occurred, and in, other ways irrespective of asceptic 
conditions and of abnormal properties of the blood itself. In square or rectangular 
bottles and in specimen vials without a neck the clot has a tendency to cling firmly to 
the sides, the serum being separated with more or less difficulty. In small round 
bottles, curved into a narrow neck and mouth, for corks, filled with freely flowing 
blood to within a margin of the narrowest diameter but not touching the cork, 
and allowed to stand for at least half an bour for coagulation, there is usually an 
abundance of clear serum. 

Such bottles, of one ounce capacity, one inch in diameter, three-eighths inch 
neck and mouth, are very suitable for field work. They must be absolutely clean &nd 
free from any trace of soap, alkali or acid. These bottles are distributed from this 
laboratory after being sterilized in the hot air oven, corked, labelled and well wrapped 
in sterile paper wrappers. Also, large bore needles attached to three inches of rubber 
tubing with a small glass nozzle, separately wrapped and sterilized. With this simple 
apparatus and observing the usual precautions during operation it is an easy matter 
to draw blood from the jugular vein of a horse, aseptically. 

Among the last 6,000 samples of blood secured in this manner less than twenty 
have reached the laboratory in a condition unfit for testing and these few unfit 
specimens have been ten days or more in transit. 

On reaching the laboratory the specimens are briefly examined and where 
necessary the clots are detached from the sides of the bottles with a sterile wire. They 
are then left to stand in a cool chamber overnight for the serum to clear. The serum 
is then drawn off into small test tubes, about 2-0 c.c. in each, and is ready for inactiva- 

Inactivation of serum. — Before any specimen of horse serum can he itsed in 
the complement fixation test it has first to be inactivated. All animal serum in a 
very fresh state contains complement in a varying amount. This constituent is 
readily destroyed by heating the serum to 55-56° 0. for one half hour. No comple- 
ment other than that employed in the haemolytic system may take part in the 
reaction. As a matter of fact horse complement very rapidly becomes inert and 
in specimens several days old is a practically negligible quantity. However, in 
normal horse serum there arise several other factors which, unless destroyed or 
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rendered inactive, are able to act upon complement and antigen and disturb an 
haemolytic system. All untreated horse, donkey and mule sera possess enzymotic 
and proteolytic properties, potentially at least, and becoming active in sera a day 
or two old. They act upon most preparations of antigen, especially upon macerated 
organs, such as the liver and spleen, and are all more or less anticomplementary, 
more so in the presence of antigen than without it. Such action, of course, is non- 
specific and must be eliminated, otherwise it would be difficult or impossible to dis- 
tinguish a specific from a non-specific reaction. Fortunately it can be eliminated, and 
the equilibrium of the serum fixed, by a proper and sufficient inactivation. It is more 
resistant to heat than is complement and is not wholly destroyed at 56° G. This 
is an important point, and one that appears to have been overlooked. I cannot help 
thinking that it is the explanation and the source of error of many of the apparent 
failures or discrepancies, especially that of non-specific fixation, which some serologists 
experience. A reference to the literature on complement-fixation methods shows a 
remarkable lack of uniformity in respect to the degree of heat and the length of time 
for the inactivation of suspected sera — ^fifteen to thirty minutes at degrees varying 
between 50 and 58° C. 

A few experiments with sets of ten or twenty different horse, mule and donkey 
sera, each set being heated for thirty minutes at different degrees between 50 and 
62 0. and then tested in the haemolytic system, with and without antigen, will show 
the importance and necessity of a very careful inactivation and the temperature 
required {vide p. 27). 

Method of inactivation recommended. — A water bath, sufficiently large to hold 
200 small test tubes, is heated to 60° O. The tubes, containing 2-0 c.c. serum in 
each (numbered for identification in waterproof india ink, labels being apt to become 
detached), are placed within the inner tank which is to contain sufficient water to 
mount to the level of the serum or to about half the height of the tubes. The cover 
of the tank should have two perforations for thermometer tubes which are inserted 
into control tubes within the tank, enabling the temperature to be read without 
removing the cover. Another thermometer passes directly into the outer tank. For 
the first few minutes the temperature will rapidly fall; it is brought up to 59° again 
—taking about ten minutes— and maintained at that point for a full half hour, for 
horse serum, and to 62° for one half hour for donkey or mule serum. 

There is no danger of destroying the specific antibodies of dourine sera by heat- 
ing to the points given. Dourine sera can, in fact, be heated up to 65° or to the 
point of coagulation, and stiU retain an active antibody content to give the test 
reaction, but the anticomplementary and non-specific factors in horse sera are wholly 
destroyed at 59 , and in donkey and mule sera at 62°. 

To control the inactivation, with each batch of suspected sera several known 
positive dourme sera as well as known (anticomplementary and non-specific) negative 
sera are mcluded and aU tested together in the final diagnostic test 
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Experiment showing the degree of inactivation of suspected serum necessarj/t 

for specific reactions. 

Dose of serum, 0-2 c.c, unheated and heated at different degrees .of temperature 
and tested with trypanosome antigen aa in the diagnostic test. 



Normal 
healthy horses 


Unheated 
serum 


Serum heated for one half hour at degrees Centigrade 


50 


54 


56 


58 


60 


62 


64—65 


No. 1 . . 


+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 


+ + + + 
+ + + + 
+ + + + 
+ + + + 

+ + + 
+ + + + 
+ + + + 

+ + + 
+ + + + 

+ + + 


+ + 
+ + 
+ + 

+ + + 

+ 

+ + 

+ + + 

+ 

+ + 

+ + 


+ 

+ 

+ 

+ + 

(?) 
+ + 
(?) 
(?) 

+ 


- 


- 


- 




" 2 




" 3 




" 4 




" 5 . . 




" 6 




" 7 


_ 


"8.. 




" 9 


_ 


" 10 


- 



Inhibition. Non-specific. 



Dourine horses 










No. 1 (1st year of disease) 


+ + + + 


+ + + + 


+ + + + 


+ + + + 




' 2 ( " " ) 


+ + + + 


+ + + + 


+ + + + 


+ + + + 




' 3 ( " " ) 


+ + - + 


+ + + + 


+ + + + 


+ + + + 




' 4 ( " " ) 


+ + -- + 


+ + + -r 


+ + + + 


+ + + + 




' 5 ( " " ) 


+ + + + 


+ + + + 


+ + + + 


+ + + + 




' 7 ( " " ) 


+ + + + 


+ + + + 


+ + + + 


+ + + + 




' 7 (2nd " " ) 


+ + + + 


-- + + + 


+ + + + 


+ + + + 




' 8 (3rd " " ) 


+ + + + 


-- + + + 


+ + + + 


+ + + + 




' 9 (4th " " ) 


+ + + + 


+ + + + 


+ + + + 


+ + + + 


" 10 (5th " " ) 


+ + + + 


+ + + + 


+ + + + 


+ + + + 



Specific complement-fixation. 



Normal 


Unheated 


5D 


54 


56 


58 


60 


62 


64—65 


Mule No. 1 

2 

Donkey No. 1 

" 2 


++++ 
-1-1-4-1- 

-f4-l-t- 


++++ 


++++ 
++++ 
-f-|-++ 


-f--h-l- 
-|--|--t--i- 

+ + 


+ 

+ -f- 

+ 


+ 

-t- 


j 


^ 



Inhibition Non-specific. 



-|- -|- -f -|- See page 28 for the meaning of these reaction expressions. 

Note. — In the non-specific inhibition reactions the red cells are loosely sedimented. 
In the specific complement fixation reactions the red cells are precipitated in a 
mass or agglutinated in lumps. When the sera are tested without antigen, as in the 
serum controls, the dourine sena, of course, give no specific reactions, hut the 
inhibition reactions are given by normal and dourine sera alike when insufficiently 
inactivated, though to a lesser degree than when antigen is present. 

Conclusion. — 'Suspected horse serum must be heated to at least 58° O. (50-60° for 
safety) and mule or donkey serum to 62° 0., to eliminate non-specific reactions. 



The Antibody content of Dourine Sera, and the dose of mspected Serum necesswry 

for a Diagnostic Test. 

The maximum dose of horse serum used in a diagnostic fixation test is 0-2 
c.c. This amount is not exceeded for fear of any disturbance to the haemolytic system 
by the non-specifie reactions which larger doses are apt to cause. Double the amount 
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can actually be used with perfect safety provided the serum is correctly inativated. 
But it is unnecessary to use more than 0-2 c.c, for that amount of serum oif a dourinf^ 
horse will contain in the case of a serum very weak in antibody content at least 
one unit, and in the case of a serum strong in antibody ten, twenty, forty or more 
units— and one unit of antibody is sufficient to give a positive reaction with the 
fixation test. 

That this is so may be determined by taking a series of sera collected from 
animals in active and in latent phases of the disease and titrating out each serum 
for antibody content. 

The experiment is carried out .as follows: — 

The sera are first inactivated by heating for one half hour at 59° C. Three 
stock tubes are then taken for each serum, (1) containing the pure serum, (2) a 
dilution of 1:10, and (3) a dilution of 1:100, these dilutions permitting of the 
accurate measurement of the smaller doses. 

Twelve tubes are now arranged for each serum to be tested' — the first and last 
to contain 0-2 c.c. of undiluted serum, the largest amount used in the test., the last 
tube being the serum control without antigen, the intervening tubes to contain 
gradually decreasing doses of serum. Enough salt solution is then added to make 
up to 1-0 c.c. in each tube, then the antigen and complement in amounts previously- 
determined by careful titration, and finally, after incubation for seventy minutes, 
haemolytic serum and red cells — as in a diagnostic test. 

An experiment of this kind is given below, the titres of seven sera from different 
horses in different phases of the disease being determined. 



Experiment for 'determining the Antibody content of Dourine Sera hy the 
Complement Fixation Method. 



Dose of 
inactivated dourine serum 


Complement fixation reactions with dourine serum. 


No. 1 


No. 2 


No. 3 


No. 4 


No. 5 


No. 6 


No. 7 


CO. 

'0-2 (undiluted, 
0-15 standard 
0-1 doses) 

0-075 (0-75 of 1 :10) 

0-05 (0-5 " " ) 

0-025 (0-25" " ) 

0-01 (0-1 " " ) 

0-0075 (0-75" 1 :100) 

0-005 (0-5 " " ) 

0-0025 (0-25" " ) 

0-001 (0-1 " " ) 

0-2 (serum control without 


+ -f + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + 
+ 


+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + 


+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ -4- 


+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + 
+ 


+ + + + 

+ + + + 

+ + + + 

+ + + + 

+ + + + 

•f + + 

+ + 

+ 


+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 


+ + + + 

+ + + 

+ + 

+ 






indicated value of one anti- 
body unit 


0-005 


0-005 


0075 


0-01 


0-05 


0-025 


0-2 




Number of antibody units in 
0-2 c.c. of dourine serum — 


40 


40 


26i 


20 


4 


8 


1 





+ + + + means complete fixation of complement— absolutely no trace of haemolysis. Red cells 
more or less clumped. A very strong positive reaction. 

+ + + is also a strong positive reaction, with just a faint trace or tinge of haemolysis 
+ + is a rather weak positive, indicating partial fixation— about one-half the red cells haemolysed 
+ , a very weak or faint positive- slight fixation, with more than one-half the red cells haemolysed. 
— , a negative reaction. Complete haemolysis of red cells. 

The smallest dose of serum which combines with antigen to cause complete 
fixation (+ + + +) indicates the value of one antibody unit, and from this may he, 
calculated the number of units in the standard or maximum dose and the value of a 
dourine serum in antibody content. 
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Such values are more relative thaa absolute, for the titre of a dourine serum 
may be somewhat higher or lower according to the amount of dourine antigen present 
and the fineness with which the haemolytic system has been adjusted— just as the titre 
of the haemolytic serum itself is correlative to the amount of complement and redl 
cells (antigen). 

The seven sera, JSTos. 1-7, used in this experiment are taken from dourine control 
horses m the first, second, third, fourth, fifth, sixth and seventh year of the disease, 
respectively. ISTo. 1 from a mare showing clinical symptoms; 'No. 2 from a stallion, 
showing occasional symptoms; Nos. 3 and 4 from mares very rarely showing symptoms 
and progressing towards recovery; 'Nos. 5. 6 and 1 from mares that have not shown, 
any symptoms for three, four and five years respectively, and which have made 
complete recovery, been bred to a healthy stallion each year— without transmitting 
infection — and riaising healthy offspring. 

In addition to the above, among our experimental horses that have recovered 
from dourine, there are two mares that give a positive (+ + + +) reaction with 
0-2 c.c. serum after six years, and one mare a positive (+ + +) after seven years. 
On the other hand, there are three mares that have entirely ceased to react, even with 
two or three times the amount of serum, after six to seven years of recovery, 
although they reacted positively up to the fifth year. 

Conclusion. — 0-2 c.c. of horse serum from a dourine infected animal contains 
up to forty units of specific antibody. In the case of horses that have completely 
recovered from dourine and which are no longer able to transmit the disease, one or 
several units of antibody are present in the same amount of serum up to the fifth 
year of recovery. After that period they may cease to react — indicating that not 
only was an absolute recovery made but that the immunity was lost in about five 
years (proof of which has been given by inoculation experiments with T. equiperdum 
on recovered horses). 

For diagnostic tests it is sufficient to use three doses of serum, namely, 0-2, 
0-15 and 0.1 c.c. 

The first appearance of a positive serum, refaction in dpuririe inf.ectibms. 

Having fixed upon a standard dosage of suspected serum, it is now necessary to 
know the incubation period of dourine and when a first positive serum reaction may 
he expected, for otherwise a negative reaction would be valueless or even misleading. 

In this connection there follow the records of some experiments: — 

Experiment for determining the length of time heiween dourine infection and the 
first appearance of a positive serum reaction. 

A healthy fiJly 2^ yearsi old, was infected with dourine by smearing over the 
vaginal mucosa a few drops of blood containing Trypanosoma equiperdum. 

Serum was collected from this young mare before infection and daily up to the 
fifteenth day after infection, and tested by the complement-fixation method, with 
trypanosome antigen. The results 'were as follows : — 



Dose of 


Before 
infection 


Days after infection 




1 ?o 10 


11 


12 


is 


14 


15 


c.c. 
|'0-2 . 
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+ 4- 
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+ + -t--l- 
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-1- 't- 
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-1- -H + -t- 


lo-i 


-I- + -I- -1- 


005. 


+ + + + 


001 


-1- -1- 


[0-005 


+ 
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Thuss the first appearance of a positive serum reaction was eleven days after 
infection. 

In three earlier experiments' of this kind, but in which serum was not collected 
for testing until the twentieth , day after infection, i the reaction in each case was 
strongly jKisitive. 

The incubation period of dourine in the light of the complement-fixation test isi 
indicated, by the above experiments, as not less than eleven days and not over twenty 
days. However, the strain of dourine used in these experiments was of high virulence; 
when horses become infected with strains of low virulence — and there is much varia- 
tion in dourine strains — the incubation period is probably prolonged. 

A negative reaction should not be taken as final or conclusive when the interval 
between exposure to infection and the collection of test serum is less than two months. 

IV. The Diagnostic Test. 

Two methods of procedure are here recommended : — 

(1) When only one or several tests are to be made. 

(2) For daily routine testing or when 50, lOO, or more tests are to be made at 
one time. 

In either case a necessary preliminary is the titration of complement {vide, p. 166). 
This established, sufficient complement dilution is made up — 0-5 c.c. of the dilution 
to contain the smallest amount indicated by titration — to do for the titration of 
antigen and for as many serum tests and controls as are to be made. It is advisable 
to make up an excess of complement rather than have a deficit, so as to use on© 
stock uniform dilution throughout and avoid having to make up fresh stocks during 
the testing. 

The trypanosome antigen is then titrated against a known positive dourine serum 
and a known negative serum {vide, p. 167). 

First method of procedure — for one or several tests. 

Four tubes and one pipette of 1-0 c.c. capacity, graduated l-lOO, are needed for 
each serum to be tested. 1-0 c.c. salt solution is measured into each tube. In 
each set of four tubes 0-2', 0-15, 0-1 and 0-2 c.c. of the inactivated test serum is 
added. Antigen in the amount already decided by titration is now added to the first 
three tubes in each set, omitting it from the fourth tube which serves as a serum 
control. Complement, 0-5 c.c. of the dilution required, is then added to all tubes. 
Sets of positive and negative sera are included with the above, and, in addition, 
controls for the various reagents. For the reagent controls five tubes are needed: 
(1) Antigen control, lomitting the test serum, (2) haemolytic control, omitting serum 
and antigen, (3) haemolytic serum control, omitting test serum, antigen and com- 
plement, (4) complement control, omitting test serum, haemolytic serum and antigen, 
(5) red cells control, containing only red cells and salt solution. The controls are 
made up to a uniform volume of 2-5 c.c. by adding salt solution as required. 

When the test serum, antigen and complement have been mixed together, the 
tubes are incubated at 3'8-3&° C. for 10 minutes. 

Equal quantities of the haemolytic serum dilution and the red cell suspension 
(4 per cent) are mixed together and 1-0 c.c. of the mixture added to every tube 
excepting the last two controls, Nos. 4 and 5., to which 0-5 c.c red cells only are added. 

The tubes are again shaken and incubated for another two hours when the 
reactions may be read, a second reading being made the following morning, about 
twelve hours later, the racks being left at a cool room temperature meanwhile'. 

The above procedure is indicated in the following table: — 
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Second method of procedure — for daily routine testing or when 50, 100, or more 

tests are to ie made. 

This is only a slight modification of the first method of procedure to allow of 
more rapid and less laborious work in testing large numbers of suspected sera. 

Two test series are made, the first series, in which only one tube for each serum 
is used (instead of four tubes as before), containing the maximum dose, 0-2 c.c, and 
antigen, eliminating all negative sera and at the same time indicating the positive 
sera. These latter are again tested on the following day, using the four tubes — the 
three standard doses of serum and serum control — as in procedure jSTo. 1, including 
them with the next lot of sera to undergo the first test in which the single tube 
is used. 

If a negative serum does not give a fixation reaction with 0-2 c.c. serum it 
certainly will not with the lesser doses, and as a serum control is only needed in the 
case of a serum which fixes complement, the single tube is obviously all that is 
required to determine a negative serum. Further, tho sera with which complement- 
fixation takes place in the one series serve as additional controls when included vnth 
and fully tested out in the second series — "ne day's work thus checking the other, 
continuously. 

In routine testing at this laboratory, when large numbers of sera are being dealt 
with, it is the practice to make a repeat test with each serum negative at the first 
test and to arrange the work and the different series so that each day's tests include : 
(a) a series not before tested (one tube for each serum) ; (b) the sera tested the day 
before with negative result (one tube for each serum) ; (c) the sera tested the day 
before with fixation reactions (four tubes for each serum) ; and, in addition, the usual- 
series of known positive dourine sera, negative controls and reagent controls. 

All suspected sera are thus tested twice over so that if any error or omission in 
the technique has been made it will surely be indicated. 

_ Interpretation of the reaction.— Fixation of the complement, not in itseH visible 
in the tesi; tube, is indicated by the prevention of haemolysds of the red cells and 
constitutes a positive reaction, on which a diagnosis of dourine is given 

When no complement is fixed the red cells are completely haemolysed and the 
reaction is then said to be negative. 

The prevention or inhibition of haemolysis may be complete, partial or slight- 

.Zt7A . ""'■ '^1.'^' '"'■""^ ^" ^P^°^fi° antibodies. However, with the 

standard doses of serum, m the great majority of cases, the reaction is either clearly 
positive or clear y negative. Occasionally, complement fixation complete with 0-2 cc 
serum, partialwi h 0-15 c.c. and slight with 1 c.c. may be given. This is a positive 

Srint2tTer.'" ^'^ ^™ ^^ --' ^^ -^^^-^^- -^^ - -^t ^^ 
Partial fixation with 0-2 serum and complete haemolysis with 0-1 serum is a rare 
reaction and of a questionable nature. In the serum controls, wHW antigen 
haemolysis should a ways be complete. Very rarely indeed it happens tbarhaemoS 
m the serum controls is not complete, the mixture having- n nU^.L ^l "hemolysis 

General Eesiarks. 

The successful practice of the complement fixation test denpnrl^ rr. ■ i 
preparation and use of powerful reagents, their specmlTtl aTtL T'^ ^ 7"a!^' 
mination of their relative values the fixing of stanl^:;tseri terpTsMe'td 
p. constant, uniform technique and method of procedure. PossiDie, and 
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Close familiarity with tlie activity of tlie reagents is essential for the best results. 

Stock reagents should be prepared in quantities calculated to meet all require- 
ments for as long a time as the activity of the reagents remains practically constant. 
Thus: sufficient haemolytic serum for six months' work; antigen to suffice for one 
month's work; fresh red cell suspension once a week; fresh complement daily or on 
alternate days, or as needed. It is advisable to use the blood of two sheep for sensi- 
tizing rabbits and to use the red cells of the same sheep for the haemolytic system. 

The following points of extreme importance wiU bear repetition: — 

(1) The amount of red cells in suspension must be very accurately measured and 
the standard amount never varied. 

(2) The use of the least possible amount of complement which with two units 
of haemolytic serum causes complete haemolysis of red cells. 

(3) The use of twice the amount of antigen which with a dourine antibody unit 
is necessary to fix the complemient, provided the same amount of antigen alone has 
no inhibitory action. 

(4) Careful control of the inactivation of suspected sera by known positive and 
known negative sera. 

(5) Control of the diagnostic tests by a series of known positive sera, each having 
an antibody unit of different value, high to low. 

Discussion. 

The reliability of the complement fixation test as a certain and specific means of 
diagnosis has been questioned, not, I think, very seriously or on strictly scientific 
grounds, but more in respect to its practical application and on an unwarranted sup- 
position that it is still very imperfectly understood, that the technique and method 
of procedure is so intricate and' laborious, that the reactions themselves are sub- 
ject to and have to be guarded against so many possible disturbing influences that 
the adoption of such a method of diagnosis is attended with considerable risk. 

Can the test he practically applied'? — lYes, without doubt, and with as much ease 
ag a mallein or tuberculin test is applied. In the one case blood is collected in the 
field and sent in for a laboratory test; in the other the reagents are prepared in the 
laboratory and sent out for a field test. Further, as many retests can be made by the 
complement fixation method as desired, for no toxins or immunizing substances are 
injected into the suspected animal to interfere with subsequent diagnostic tests. This 
test is no longer a new departure in veterinary diagnosis; it is successfully applied 
in glanders, contagious abortion and in other specific diseases and is. yearly coming 
into more general use. 

Are the test reactions and the different factors concerned in them imperfectly 
understood? — Such a view is not held by serologists and can only be retained by those 
who have not the opportunity of closely studying the subject and becoming familiar 
with the finer points of it. Any attempt to apply the test by one who has not thoroughly 
mastered the technique and gained complete control of the reagents would, of course, 
be dangerous. But the complement fixation reaction furnishes the most perfect, bio- 
logical, diagnostic test yet devised, one in which all adverse or distuAing factors can 
be eliminated and in which a clear knowledge of the properties and mode of action 
of the reagents has been ascertained, — far more so, in fact, than that of a raallein or 
tuberculin reaction which, in application and interpretation, is crude in c&mparison. 
The very delicacy of the fixation reaction and the strict laws and conditions governing 
it, add to the exactness, value and reliability of the test. 

Is the technique too intricate and laborious? — Not more so than many other 
necessary and accepted laboratory methods, lasid this is essentially a laboratory test. 

9340—3 
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Is it necessary to use a pure suspension of trypantosomes as lantigenf IBy the 
employment of a pure suspension of dourine trypanosomes as antigen non-specific 
and false or misleading reactions are avoided. Many other ways of preparing antigen 
for the dourine test have been tried by different investigators but, with one exception, 
with little success. Mohler and Eichhorn recommend a. spleen preparation of a rat 
dead from surra. I have used the spleens of rats dead from dourine m several thou- 
sand tests and with very good results, but, on the whole, such preparations are inferior 
to the trypanosome suspension and possess a number of disadvantages. Spleen prepa- 
rations are often troublesome on account of a more or less anticomplementary action 
or owing to a weakness in specific antigenic property. They are very unstable and 
of inconstant value and give rise to many borderline or questionable reactions which 
can be eliminated or definitely decided by the trypanosome antigen. In comparative 
titrations of dourine sera with the two forma of antigen I have found that approxi- 
mately one-tenth of the amount of serum necessary for a positive reaction with spleen 
nntigen suffices for a clear positive reaction with trypanosome antigen. Very weak 
positive reactions with the former become clearly and strongly positive with the latter, 
which, therefore, should always be given the preference. The trypanosome suspension 
has also the great advantage of retaining a constant value for several weeks at least, 
for six to eight weeks if carefully prepared, and thus allows of the keeping of a 
uniform stock antigen. 

What is the percentage of positive reactors in dourine outbreaks? — This of course 
varies according to the length of time the disease has been in existence in a stud or 
range herd before being checked by preventive measures. In the most extensive out- 
break that we have had to deal with 456 positive reactors were found in a total of 
2,000 animals tested; nearly 2® per cent. In an outbreak on an Indian Reservation, 
]2'7 animals gave positive reactions out of 1,464 tested, or less than 9 per cent. Usually 
it is between 15' and 20 per cent. Our experience indicates that 100 per cent of 
dourine infected animals, whether in active or latent stages of disease, give positive 
serum reactions, provided that an interval of two to three months has been allowed 
for an incubation period in the more or less resistant animals, less than one month 
being sufficient in most cases. 

Sow does the value of the dourine test compare with ■ the Wassermanin test for 
fi/philis? — The old name of horse syphilis still clings to dourine infections, especially 
among stock owners and the general public, and comparisons have been made both in 
regard to the nature of the disease and the diagnostic tests, tending to lead to mistaken 
conclusions. 

The reaction in dourine by the method recommended in this paper is a specific 
cne. A positive reaction in other diseases or with animals in which dourine infection 
could be excluded, remains unknown to us, while in every authentic case of dourine 
the reaction is invariably positive. In my whole experience there is only one case in 
dispute — a negative serum reaction being given where a symptomatic diagnosis of 
dourine was made. However, the symptomatic diagnosis may have been at fault' 
unfortunately, the animal was destroyed before any proof or disproof of dourine 
infection was forthcoming. 

The very few cases on record where a negative dourine reaction at a first test 
was followed by a positive reaction at a second or later test can be accounted for by 
infection taking place only a few days before the serum was first collected, or by 
continued exposure to infection between the first and later test. 

la syphilis, on the other hand, negative reactions are of more value for prognosis 
than for diagnosis. A positive reaction may become negative after a short course of 
treatment, returning again to positive if a cure has not been effected Further it is 
admitted that a negative reaction is frequently given in primary syphilis and again 
at times m latent and tertiary syphilis. A source of error, operating in the negative 
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direction, is, as Noguchi has pointed out, in that human serum contains a variable 
£.mount of natural anti-sheep amboceptor, which in some cases may be sufficient to 
hide a positive reaction. Horse serum does not contain anti-sheep amboceptor, as I 
tiave found by many experiments, so that the anti-sheep haemolytic system can be 
used in horse serum tests with perfect reliance. 

A positive Wassermann reaction may be given in several diseases in which 
syphilitic infection can be excluded, in leprosy, scarlatina, certain forms of tuber- 
culosis and carcinoma. The Wassermann reaction is not specific. Owing to the great 
difficulty of obtaining a pure syphilitic antigen, the extract of a syphilitic liver was 
first used in Wassermann's original method. But, later on, it was found that non-spe- 
cific extract of normal liver and other organs answered equally well, and such are now 
commonly used. The reaction in syphilis is not accordingly a true and specific 
antigen-antibody combination and is dependent upon more or less gross changes in 
the serum of syphilitic patients. It is not to be compared, therefore, and is greatly 
inferior to our test method for dourine either in delicacy, specificity or trust- 
worthiness. 

In conclusion, I venture to express absolute confidence in the complement fixation 
test for dourine as it is now presented, and to claim that apparent failures or discrep- 
ancies are due, not to the method itself, but to faulty technique on the part of the 
operators or of the collectors of the test serum. 



APPENDIX No. 3. 

EXPERIMENTAL DOUEINE. 

Horses. — Tr. equiperdum is always pathogenic for the horse. If introduced into 
the- vaginal tract of a healthy mare it reproduces the diisease in a similar fashiou 
to that which follows an infective coitus. A subcutaneous inoculation of trypanosomes, 
obtained from a plaque, oedematous swelling or vaginal secretions, is followed in 
about 10 days time by a small swelling at the seat of inoculation. In the serous fluid 
of such a swelling multiplying trypanosomes are to be found. This primery lesion 
disappears in a few days and the disease evolves ais in a case of natural infection, 
especially if the inoculation has been made via the genitial organs. 

It is essential that the material inoculated contains the specific trypanosome of 
dourine. Blood drawn from the general circulation of dourined horses rarely 
contains trypanosomes and thus rarely reproduces the disease when inoculated into 
healthy subjects. Direct transfusions of blood or inoculations of large quantities 
repeated at intervals over several weeks have failed to set up an infection. Only 
during a very active stage of the disease, as during a period of plaque eruption, is 
an inoculation of blood from the general circulation likely to be successful. 

The virulence of a strain of dourine can be raised to a high degree by a series 
of rapid passages through young animals. In this way the disease is rendered more 
acute in foals or yearling horses, running its course in about six weeks in males and 
in about three months in females, a high and remittent fever being the dominant 
feature throughout (vide Chart TSTo. II and compare with Charts Nos. I and III). 

The trypanosome virulence for horses is raised to its maximum degree by 
passage through laboratory animals, viz., white mice, rats and guineapigs. In 
horses infected with trypanosome blood taken from a rat or guineapig the disease 
makes rapid and continuous progress. There is scarcely any remission of symptoms. 
Trypanosomes soon appear in the general circulation and are present there in varyint? 
numbers up to the time of death, which occurs in from six weeks to three months, 
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in adult horses. In this connection it is well worth noting that 11 horses and 1 
donkey have been experimentally infected with trypanosomes which had been passed 
through a rat or guineapig, and that in all 12 animals trypanosomes appeared m 
the general circulation. On the other hand, 24 houses have been experimentally 
infected with trypanosomes of seven or eight different equine origins and previous 
to passage through laboratory ' animals, and in none of these 24 animals were 
trypanosomes ever to be seen in the general circulation. Similarly, hundreds ot 
blood examinations for trypanosomes in cases of natural infection likevnse proved 
negative. 

This exalted trypanosome virulence and the acquired habit of the parasite to 
live in the bloodstream of horses after a passage through laboratory animals has 
been maintained for several generations in horses. 

Laboratory animals.— Very great difficulty is experienced in transmitting equine 
dourine to laboratory animals. The white mouse seems to be the least resistant; 
even so, it may be necessary to inoculate series after series before obtaining a single 
successful infection. However, once this is accomplished, the trypanosome can be 
passed through rats, guineapigs, rabbits, dogs, cats, etc., with great ease, from an 
animal of one species to that of another and carried on indefinitely without loss of 
virulence. 

The adaptation of the trypanosome for laboratory animals is not lost by subse- 
quent passage through horses, at least not for several generations. 

MictB and rats. — The transmission of Canadian dourine to laboratory animals was 
effected by a successful inoculation of a white mouse after hundreds of unsuccessful 
attempts had been made with dogs, rabbits, guineapigs, etc. The origin of the strain 
was a naturally infected mare. During a period of four weeks in which this mare 
presented fresh plaques almost every day, 60 white mice and 24 rats were inoculated 
with fluid collected from the plaques, rich in trypanosomes. The first 83 inoculations 
(59 in mice and 24 in rats) failed; the eighty-fourth (in the sixtieth mouse) 
succeeded. From this mouse others were infected vnthout any difficulty and the 
strain was passed on through the usual laboratory animals. In mice and rats only 
one trypanosome cycle is represented. The parasites appear in the blood on the 
second or third day after inoculation and multiply with rapidity up to the time of 
death, which in mice occurs usually in three to five days, and in white rats in four to 
six days. Death takes place suddenly and with scarcely any warning symptoms. 
When rats are inoculated in batches of 15 to 25 at one time, as when preparing a 
trypanosome antigen for complement-fixation work, it may happen that 15 or more 
rats out of 20 will die within the space of two to three hours on the fourth or fifth day. 
Often there are one or two rats in every 25 that show more or less resistance. Twenty- 
three out of 25 rats inoculated may die on the fourth to fifth day, the twenty-fourth 
rat may live ten to fifteen days and the twenty-fifth rat twenty to thirty days not- 
withstanding the fact that the trypanosomes present in the blood of these two resistant 
rats become even more numerous than in the rats which die in the normal time of 
four to six days. It would .appear that in a mouse or rat infection when the end 
of the first trypanosome cycle is reached there is a sudden release and absorption 
of toxin which causes sudden death in the great majority of cases. N"ot more than 
5 to 10 per cent of infected rats survive the shock, and these succumb to the second 
or third trypanosome cycle. 

Guineapigs. — The duration of infection averages between six and eight weeks, as 
a rule. However, with a highly virulent rat strain of dourine guineapigs may 
succumb within two to four weeks. The appearance of trypanosomes in the blood 
is remittent or intermittent and the parasites are never as numerous as in rat's 
blood. Few symptoms can be noted and death occurs with suddenness. After a 
number of generations in guineapigs the strain is apt to loose virulence but this is 
easily restored by passing through a series of rats. 
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Babhiis. — Infected rabbits present a train of more or less cbaracteristic symptoms, 
viz., oedematoTis swellings of tbe external genital organs and of tbe ears, purulent 
conjunctivitis and other ocular lesions, cutaneousi lesions, progressive emaciation, 
cachexia and death in from one to three months. The parasites appear in the general 
circulation with remissions or intermissions and are rarely numerous. 

Dogs. — Pronounced and typical symptoms of trypanosomiasis are presented — 
fever, oedemas of the skin and genital organs and very severe ocular troubles ; the eye- 
ball protrudes and has an anxious, staring expression (exophthalmia), and there is a 
keratitis and staphyloma. There is locomotary disturbance and a great feebleness 
and a tendency to sleep almost continuously. Emaciation and paralytic conditions 
precede death. 

As already stated, in the first direct transmission of dourine to laboratory animals 
aU attempts to infect dogs, rabbits, and guineapigs failed, and success was only 
achieved through a white mouse. The trypanosome was then passed through rats 
and no further difficulty was experienced in infecting other species of small animals. 
Further, when a horse was infected with a dourine strain maintained in laboratory 
animals, the trypanosomes recovered in the blood of this horse were always infective 
and highly virulent for dogs and all other species of laboratory animals. So easy 
had transmission then become that dogs were infected by injestion, by eating the 
flesh of horses which had succumbed to trypanosome infection. 

A horse was destroyed in extremis and a post-mortem examination was made 
immediately after death. Trypanosomes were found present in the blood of all the 
organs and muscles examined. A piece of flesh was fed to two dogs with little expec- 
tation that they would become infected. However, three weeks after the feeding the 
dogs appeared to be easily fatigued, dull and somewhat depressed. On the twenty- 
ninth day a careful search of blood taken from the ear revealed a very few trypano- 
somes. On the thirty-fifth day the parasites were fairly numerous, and the dogs 
appeared to be very ill. The eyes had a bulging, stony appearance. The face was 
rather puffy and expressionless. For several days there had been attacks of vomiting 
and diarrhoea. For short intervals the animals were very restless, but most of the 
time were very depressed and slept for many hours at a stretch. 

An intravenous injection of 0-2 grammes of Salvarsan ('606') in lOOc.c. of 
alkaline solution was given and within forty-eight hours all trypanosomes had dis- 
appeared from the blood stream. The change and improvement were astonishing. 
At the time of the injection the animals were so weak that they had to be propped 
up and supported. Three days later they were running about, barking and playing. 
However, on the fifty-ninth day in one, and on the sixty-fourth day in the other, there 
occurred a relapse. Symptoms recommenced and the parasites reappeared in the 
blood. A second injection of Salvarsan, 0-25 grammes in the one and 0-3 grammes 
in the other, was given. This time there was scarcely any noticeable change. The 
parasites remained in the circulation, the symptoms progressed and death occurred in 
eighty-one days in the one case and in ninety-five days in the other. 
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APPENDIX No. 4. 

TETPAlSTOiSOMA EQUIPERDUM. 

The microscopical appearance of the trypanosome of dourine is very similar to 
that of other pathogenic trypanosomes of the Bruoei type. In morphology, vitality 
and general biological features, there is little to distinguish it from the trypanosomes 
of surra, nagana, mal de caderas and sleeping sickness of man. Very common features 
of the dourine trypanosome are (1) the presence of a vacuole bordering upon the 
centrosome and (2) the blunted, cut-off or fish-mouth appearance of the posterior 
extremity. 

Tr. equiperdum does not require any insect intermediary carrier ,or host and 
completes its life cycle in the body of its natural host — the horse — and is directly 
communicable from one horse to another. 

Tr. equiperdum is the only known pathogenic trypanosome of tropical or sub- 
tropical origin that is maintained by natural means in the temperate zones and in 
countries far removed from tropical conditions. 

In its natural host, naturally infected, Tr. equiperdum does not live as a true 
blood parasite but rather as a tissue parasite, selecting special organs, mucous mem- 
branes and the skin for its development and life cycle. In these respects the try- 
panosome of dourine differs from the trypanosomes of surra, nagana and the other 
trypanosome diseases. 

The appearance, development, multiplication, conglomeration or agglutination, 
phagocytosis and intracellular digestion of Tr. equiperdum takes place in a single 
oedematous patch or plaque, and the whole phenomenon can be traced within, and 
usually occupies, 3 days. The following is an example: — 

In a young mare, experimentally infected with a trypanosome strain (he fore pass- 
age through laboratory animals), three- to four-day periods of fever recurred at 
twenty-four to twenty-eight day intervals and, at the same time or preceding the rise 
iu temperature by one to two days, an oedematous swelling of the labium pudendi. 
Examinations of the fluid contents of the patch were made on the first sign of tume- 
faction or oedema and continued at intervals of a few hours throughout the stages 
of eruption and absorption. The procedure at each examination was to make a fine 
needle puncture and with the drop of serous fluid exuding make two dry smears and 
one wet coverglass-celled preparation. The latter was examined immediately, the 
former being stained by the Giemsa method. In the first specimens thus obtained the 
trypanosome could be located only with great difficulty being so few in number. In 
the subsequent specimens increasing numbers' and multiplication forms were noted 
up to the thirty-sixth hour. At the 40th hour conglomerations of trypanosomes and 
attachment to the phagocytes were noted. At the forty-fourth hour nearly all the 
trypauot( mes were injested by the macrophage cells and in various stages of digestion 
and disintegration. At the forty-eighth hour no trypanosomes could be identified 
as such, though in some of the macrophage cells fragmenting parasitic nuclei could 
be made out. On the third day the swelling diminished in size, was further reduced 
on the fourth and was quite absorbed by the end of the fifth day. No trypanosomes 
could be seen in the specimens taken on these days. 

■Similar observations were made on a number of occasions and in different horses. 
In one case in which depigmentation of the skin of the labia pudendi was taking 
place, it was noted that simultaneously with the macrophagic injestion of the parasites 
numbers of these phagocytic celk were crowded with blackish granular pigment. In 
smear preparations many of these swollen cells ruptured and let escape masses of 
black granules. 
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Agglutination and phagocytosis of the trypanosomes cannot be observed in all 
casee and, in fact, only in the minority. The later history of these ca«es shows that 
the infection was well tolerated and the inference is that agglutination and phago- 
eytosie is an indication of increasing resistance and of the process of immunity. 

Little is known of the nature and properties of trypanosome toxines: In the 
acute, generalized infections of small laboratory animals, and in which only one 
trypanosome cycle is represented, death apparently results from the sudden release and 
rapid absorption of toxin at the time of maximal trypanosome multiplication and 
commencing disintegration. In the chronic, intermittent disease in the Ln-ger 
animals commencing in a local infection, the trypanosome repeats its cycle again and 
again and the toxic action on the nervous system appears to be progressive and 
cumulative. 

Attempts to cultivate Tr. equiperdum on artificial culture media and to isolate a 
toxin have not succeeded in the hands of the writer. 



APPENDIX No. 5. 

REGUIATIONS RELATING TO MAT.ADIE DU COIT. 

By Order in Govmcil dated 28nd July, 1911, m virtue of the Animal Contagious 

Diseases Act, B.S.Q., 1906. 

1. No animal which is affected, or suspected of being affected with iMaladie du 
Ooit shall be permitted to run at large or to come in contact with any animal which 
is not so affected, and no such animal shall, in any case, be used for breeding pur- 
poses. 

2. Any inspector may declare to be an infected place within the meaning of 
" The Animal Contagious Diseases Act," any common, field, stable, or other place or 
premises where animals are found which are affected or suspected of being affected 
with Maladie du Coit. 

3. No horse, ass or mule shall be removed out of any place so declared to be an 
infected place without a license signed by an inspector. 

4. The Veterinary Director General may from time to time order the slaughter, 
castration or other disposition of animals affected with Maladie du Coit. 

5. Inspectors are hereby authorized to inspect any animals affected with Maladij 
du Colt, or suspected of being so affected or which have been in contact with animals 
so affected, or suspected of being so affected or which have been in any way what- 
ever exposed to the infection of Maladie du Coit, and may order any such animals 
to be collected, detained, isolated, castrated, or otherwise dealt with as may to them 
appear advisable. 

6. The expenses of, and incidental to the collection of, isolation, seizure, castra- 
tion, or otherwise dealing with animals for the purposes of these regulations, shall 
be borne by the owners of the animals, and no indemnity shall be allowed to the 'owner 
in case of damage arising out of or resulting from such actions, except as herein- 
after provided. 

7. No entire horse, ass or mule nor any ridgling more than one year old shall be 
permitted to run at large on unfenced lands in the province of Alberta or in that por- 
tion of the province of Saskatchewan lying west of the third principal meridian. 

8. Any entire horse, ass or mule or any ridgling more than one year old found 
running at large within the area defined above may be seized and held on the order 
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of any duly authorized veterinary inspector of the Department of Agriculture, who 
shall forthwith whenever possible notify the owner of the said animal of such seizure, 
and the said animal, if not claimed within thirty days of such seizure, may be cas- 
trated, and no indemnity shall be allowed to the owner in case of damage arising out 
of or resulting from said castration, seizure or detention. 

&. Animals affected with Maladie du Coit, may on an order signed by a duly 
appointed veterinary inspector acting under special instructions from the Veterinary 
Director General, be forthwith slaughtered, and the carcases disposed of as in such 
order provided, and compensation may. be paid to the owners of such animals if and 
when the Act so provides. 

10. Before an order is made for the payment of compensation in any of the 
cases aforesaid there must be produced to the Minister of Agriculture a satisfactory 
report, order for slaughter, and certification of valuation and slaughter, all signed bv 
an inspector. 
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EXPLANATION OF PLATES. 

Plates I, II and III— 

Natural infection of Stallion No. 35, showing' eye lesions, fluctuating oedema, 
progressive emaciation and final stages of the disease. 

Plate IV— 

Stallion, No. 38, naturally infected with Dourine (1905-1907). 

Plate 7— 

Experimental infection of mare No. 66, showing a ring-shaped or hollow-centre 
"plaque," the ninth to appear, in the tenth month inoculation. Figure 1. 

Fig. 2. — Natural infection of mare No. 42, showing facial paralysis. 

Fig. 3. — Paraplegia in a iiiiturally infected mare. 

Plate VI— 

Figs. 1, 2 and 3. — Experimental infection in young fillies, showing typical oedem- 
atous patches of the anus (fig. 1), of the labia pudendi (fig. 2), and of the skin 
between the buttocks. (Fig. 3). 

Figs. 4 and 5. — Natural infection of mare No. 159, showing depigmental skin of 
the vulva and anus and the transient character of such depigmentation. Fig. 
5 shows the condition ten months later than fig. 4. 

At the time these photographs were taken (figs. 1-5), trypanosomes were present 
in the oedematous fluids, in eacli case. 

Plate VII— 

Trypanosoma equiperditm in the oedematous fluid of a swollen labium pudendi, 
showing the development, multiplication, agglutination, phagocytosis and 
digestion of the parisites — all taking place within the space of 48 hours. 

Plate VIII— 

Trypanosnma-equiperdum. 

Plate IX— 

Trypanosoma rquiprrdain—the. flagellated micru-orgaaism causing Dourine, as 
seen in the vaginal mucous fluid (figs. 1-8) and in the oedematous fluid from 
swollen patches of the vaginal membranes (figs. 10-18) ; taken from a naturally 
infected mare (animal No. 36). 
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EXPLANATION OF CHAKT8. 
IIISTOEY— CHAKTS Nos. I, II, AND III. 

These charts epitomize the history of forty-two cases of dourine in horses, twenty- 
two being naturally infected and twenty experimentally inoculated. 

The chief points of interest and conclusions are: — 

The fatality in stallions. 

'The tolerance and recovery in mares and the relative immunity obtained to 
reinfection by natural means. 

Tolerance and acquired immunity to inoculations of a natural strain of dourine 
(horse) is broken by inoculations of a laboratory strain (rats and guineapigsO and 
death follows. 

In some of these mares tha period of observation is fifteen years, in others twelve, 
ten, and a lesser number of years. Mares spontaneously cured of the disease have 
shown their usefulness for work purposes and for breeding. No case of natural trans- 
mission to the offspring has been observed. The four healthy stallions kept for breed- 
ing these naturally cured mares escaped infection. 

Specific serum properties, as shown by the complement-fixation test, are retained 
in some cases for many years after recovery and cure; in others these properties are 
lost in about five years (see Appendix 2). 

History Chart No. II shows the origin and genealogy of a strain of dourine in 
horses, and the exalted virulence obtained by serial passage through foals, and is 
supplemented by: Temperature Charts Nos. I, la, lb, Ic; II, Ila, lib; III; IV; IX 
andX. 
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HISTORY-CHART No. 1. 

Eealtu ok Animals Braxch. — Veterinary Eesearch Laboratory, Lethuridge, Alberta. 







1905 


1906 


1907 


1908 


1900 


1910 


1911 


1912 


1913 


1914 


1913 


1916 


1917 


191S 


1919 




Stallion (SI) 




Natural 
infection. 


Oedema 

Destroyed 






























Stallion (33) 




Natural 
infection. 


Oedema, 
anaemia, 
emaciat 
paraly 


on, 
sis, 
death 
(July 24) 




























StaWon (72) 




Natural 
infection. 


Oedema. 
Cachexia, 
death 
(Oct. 24) 






























Marf (.') 




Natural 
infection. 


Tolerant. 

Covered by 

Stl. 31. 


Normal. 

Covered bj 

Stl. 72. 


Normal. 
Bred to 
healthy 
stallion. 


Foaled 






Foaled. 




C.F. ++ 


C,F, +++ 
Foaled, 
Failing 
health. 


Death 
(Jan. 25). 








Complement Ijxation — 

positive. 


Man i i 1 




Natural 
infection. 


Tolerant. 

3 coverings 
by Stls. 
31 and 33. 


Normal. 

3 coverings 

by 

Stl. 72. 


Normal. 
fEmpI 


Normal, 
eyed as a w 


Normal, 
ork mare) 


Normal. 


Inoculated 
with try- 
panosomes 
from mare 
165. 


C.F. +-h+ 
Oedema, 
trypano- 

some 
periods. 


C.F. ++ + 

Failing 
health. 


C,F, ++ + 

Death 
(Mar, 15), 










Complement Fixation- 
positive 


Mar. (19) 




Natural 
infection 


Tolerant. 

coverings 

by Stls. 

31 and 33. 


Normal. 

3 coverings 

by 

Stl. 72. 


(Emplo 


yed as fast 


driving ma 


re for 6 year 


s, and as a 


brood mare 


C.F. - 


C.F, - 








Died 
foaling. 


Complement Fixation- 
negative. 
















Mnn C) 




Natural 
infection. 


Tolerant 


Inoc. of 

tr.\-pano- 

somes from 

mare 36. 


Normal. 


Normal. 
Inoc. of 
trypano- 
somes from 
foal 6f. 


Normal. 


Normal. 

Accident- 
ally hurt. 
Destroyed 




















M<„r 19) 




Natural 
infection. 


Tolerant. 

7 coverings 
by Stls. 
31 and 33. 


Normal. 
Inoc. of 
trypano- 
somes from 
mare 3r). 


llecurring 

oedema of 

vaginal 

mucosa. 


Normal. 


(Death 
from 
colic.) 






















Marr US) 




Natural 
infection. 


Tolerant, 
1 cover ine 
by Stl. 31. 


Normal. 
Bred to 
healthy 
stallion. 


NoriMui. 
Foaled . 


Inoc. of 

trvpano- 

somes from 

Foal 12f. 


A period of 
high fever 

after 
inoculation. 


Normal. 
(Employe 


Norma 1- 
d as a work 


C.F. -^++ 
marc.) 


C.F, +++ 
Foaled, 


C,F, + + + 
Foaled. 


C.F. -^-f-h 
Foaled 


C.F. ++ + 


C.F. +-i-H 
Foaled. 


C.F. -h++ 


Complement Fixation- 
posit ivf. 


Marc (i:) 




Natural 
infection. 


Tolerant. 

1 covering 

.Stl. 33. 


Twice 
inoculated, 

trypano- 

somes from 

mares 9 

and 29. 


Normal. 


Twice 
inoculated, 

trypano- 
somes from 
foals If, 7f. 


Normal. 
(T'^mployed 


Normal. 
as a work 


Normal, 
mare.) 


Foaled. 


C,F, + 


C,F. + 

Died 
foalins. 










Complement Fixation — 
positive. 


Mnn I/.-') 




Natural 
infection. 


Tolerant, 

f) varies 
removed. 


(Normal h 


ealth anfl co 


ndition mai 


ntained.) 




Inoc. of 

trypano- 

somes from 

mare 165. 

Oedema. 


C.F. -I- + + 
No symp- 
toms from 
March to 

December. 


C,F, ++ + 

Inoc, of 

trypano- 

somes from 

inf, rat. 

Death, 












Complement Fixation- 
positive . 
Feb.. 3 1914.— Inoc. of 
trj-panosomes from an 
infected rat. 

May. 10 I914.--Death. 


Mtirt [.v;-! 




Natural 
infection. 


(Apparentl 


y recovered. 


^'ery good 


condition. 


No sympto 


ms.) 


Inoc. of 
trypaon- 

somes from 
mare 165. 

No reaction. 


C.F. -\-+-\- 
Inoc. of 
trypano- 
somes from 
inf. rat. 
Death. 














May 5. — Inoc. of trypano- 
somes from an infected 
rat 
Aug.. 4 1913.— Death. 
Complement fixation— 
positi\'e. 


Mare {.!',) 




Natural 
infection. 


Tolerant . 

7 coverings 
bv Stls. 
31 and 33. 


Normal. 
Foaled . 


Slight 
Oedema. 


Normal. 
Foaled. 


Normal, 


Foaled. 




C.F. - 
Foaled . 


C,F, - 


C,F, - . 
Foaled. 


C.F. - 


Foaled. 




Foaled-, 


Complement Fixation — 
negative 


Mare [I'') 




Natural 
infection. 


Vaginal 
discharge, 
emaciation 
paraplegia. 


Slow 
improve- 
ment. 


Inco- 
ordination. 
Further 
improve- 


(General 
ineo-or 


lealth and 
dinationof h 
chronic sym 


condition go 
nd limbs re 
ptom.) 


od, though 
mains as a 


C.F. +++ 

Inoc. of 

trypano- 

somes from 

a rat,. 

Death. 














Complement Fixation- 
positive. 
May, 5 1913.— Inoc. of 
trypanosomes from an 
infected rat. 

Sept., 29 1913.— Death. 



HISTORY-CHART No. 2, 

Health of Amjials Branch. — Victerixahy Research Laboratory, Lethbridge, Alberta. 



S'.-'i.il i^cneration and passago. 
1 it T/y)iant>s„rrirs rfjnipordum 


1906 


1907 


1908 


1909 


1910 


1911 


1912 


1913 


1914 


1915 


1916 


1917 


1918 


1919 




]>t. .Slallion f;.;.'!. N'aturai 
infection. 




Oedema, 
keratitis, 
anaemia 
emaciati 
paraplegi 


on, 


Death. 






h. 






















I'nrI Marc iSC). Natural in 
faction. 




Oc 
at 


dcma vagin 
axie paraplt 
plaquew. 


al m.m,, 
gia. 


Paralysi 


s. 


Deat 






















?,i-i\. Foal (39). Experimenta 
inoculation, trypano- 
somes from mare 36. 






Oed- 
ema, 
para- 
lysis 


D 


oath. 




























:;r.l Marc (41). Kxperimental 
inoculation, trypano- 
somes from mare 36 . 






Slight 

oedema 

vagina! 

mm. 


29 plaques. 


Normal. 


Normal. 


Normal. 


* 


















*June 12, 1912. Inoc. dourine 
trypanosomes from guinea- 
pig - 
November 4, 1912, Death. 
(See Table IN.) 


.Jrd. Foal (29). Kxperlrnenta 
inoculation, trypano- 






Slight 

oedema 

vaginal 

mm. 


H plaque.s. 


Xorniai. 


Normal. 


Raised 

healthy 

foal. 


Normal. 


C.F. +-h 


C.F. ++ 
Foaled. 


C.F. + 


C.F. + - 

Foaled. 


C.F. - + 


C,F. - + 


C.F. - + 
Foaled. 


Complement Fixation,— Weak 


Homes from mare 36. 




■ii\i. ..Frlh: (60). Kxperimental 
inoculation, trypano- 
somes from foal 29. 








Re 

oe 
lab 


curring 
dema of 
iia pudendi. 


Normal. 


Normal. 


Norm;ii. 




C.F. - 


C.F. - 
Foaled . 


C.F. - 
Foaled . 








Complement Fixation.— nega- 
tive. 


}ih. Foal Cif). Experimental 
inocu lation . try pano- 
somcs from foal 29. 


'.See Tempe 
Charts I, 

(See Tcmpe 
Charts 


rature 
la, lb, Ic.) 

rature 

II, iia,iri..j 






fe 
oc 


edema, 
ver paroxys 
ular and par 
mptoms 


nis. 
aplegic 


Recovering. 


Absence 

of 

symptoms. 


















*Feb. 14, 1913. Inoc. dourino 
trypanosomes from an in- 
fected rat. 
Mar. 15, 1913. Death. (S.-l- 
Table IV.) 


■IiIj, Foal {.if}. Ivxperirnental 
inoculation, trypano- 
somes from foal 29. 


He 
oe 
fe 
3 
pa 


curring 
dcma l.p., 
ver paroxyh 
plaques, 
raplegic «y 


Ills. 

mptoms 


No 

symptoms. 

Apparent 

recovery. 


' 


















*June 12, 1912. Inoc. dourine 
trypanosomes from an in- 
fected guineapig. 

Sept. 10, 1912. Death. (See 
Table IV. ) 


'>ih. Foal (I/). Experimental 
inoculation trj pano- 
some.s from foal of. 


(See Tempo 


ra 
ra 


ture Cha 


rtnij 

rtlV.) 


Recurring 

oedema; 

fever 

paroxysms 


Slight 
paraplegic 
symptoms. 


Apparent 
recovery. 


' 
















*June 12, 1912. Inoc. dourine 
trypanosomes from an in- 
fected guineapig. 

4 Sept., 1912. Death. (Seo 
Table I v.) 


(Ifh. Foal (6/). Experimental 
inoculation, trypano- 
somes from foal If. 


(See Tempe 


ture Cha 




Kecurrin 
ma, remi 
fever, de 


g oede- 

ttent 

bility 


D 


eath. 






















7fh. Foal (7/). Experimental 
inoculation, trypano- 
somes from foal 6f. 












Recur 
ma, re 
fever. 


ring oede- 

mittent 

urticaria 


No s\'mpt 

Apparent 

after 3 inje 

araenophe 


oms, 
recovery, 
ctions of 
nylglycin. 




C.F. - 


C.F. - 
Foaled . 








Foa led . 


Complement Fixation, — nega- 
tive. 


sti.. Foal (Hf). Experimental 
inoculation, trypano- 
.sftmes from foal 7f. 














Fev 
Dea 
41 

Fe 
De 

51 

F 
D 
5 


er. 
th. 
days. 






















'Jtli. /''/^a/(ll/j. Experimental 
inoculation, trypano- 
somes from foal 8f. 


See Tempe 


rature Cha 


rt IX.) 


ver. 
ath. 
days. 






















H)th. Foal (12/J. Experimental 
inoculation, trypano- 
wonies from foal llf. 


Sc^ Tempo 

1 


rature Cha 


rtX 










9ver. 
-ath. 
I days. 























HISTORY-CHART No. 3. 

Health of Animals Branch.— Veterinary Research Laboratory^ Lethbridge, Alberta. 





1906 


1007 

1 


IOCS 


10O9 


1010 


1911 


1912 


lOKl 


1!]14 


101.5 


1916 


1917 


I9I8 


1919 




Mar. (><i) (2 yr. old). Experi 
mental inoculations of I>1(x)l 
from stallion 33. 
Nov. 21 to Dec 3, 190G. 




1 
Absence of 

definite 
symptoms. 


1 plaque 

(Aug. 22) 
Trypano- 

somes 
detected. 


Normal. 


Fouled. 






Fouled 


C.F, - 
Foaled. 


C.F. - 
Foaled. 

Ill hcaltli. 


Died. 








Complement* Fixation, - nega- 
tive. 


mental transfusion of 600 c.c 
of blood from mare 36. 
Apl. 24, 1907. 




Intermit'nt 
paraplegic 
symptoms 


Normal. 


Normal. 


(An exoell ent riding 


horse.) 


i:>U'd. 

irom 

influenza. 
















mental inoculations of try- 
panosomes from mares 2S 
Mnd 41 and from foal 7f. 
Apl. 21, 1908— May 21. 1909 






Oedema of 

lab. pudend 

8 plaques. 

Trypanoso 


1 plaque, 
mes present 


Normal. 
(Made a 


good saddle 


mare for 4 


years.) 


C.F. +++ 
III health. 
Paralysis. 

Death 
(16 Sept.) 












Complement Fixation,— posit- 
ive. Relapse of dourine and 
death after 4 years of toler- 
ance and normal health. 


mental inoculations of try- 
panosomes from mares 29, 
41 and 82. Feb. 3. Aug. 27*08 








Oedematos 
swellings 

under 
abdomen. 


Normal. 


Foaled. 






C.F. - 
Foaled. 


C.F. - 
Foaled . 


Foaled . 






Destroyed 
(Dec.) 


Complement Fixation,— nega- 
tive. 


Man (69) (3 yr. old). 1 cxperi- 
inental inoculation of try- 
panosomes from mare 29. 
Aug. 27, 1908. 






Recun'in 

of labia 

rich in tryp 


g oedema 
pudendi, 
anosomes . 


Normal, 
recovery. 


(Made a g 


cod saddle 


mare fur 4 


C.F. - 

years.) 


C.F. - 
Foaled . 


Foaled . 






Foaled. 


Complement Fixation,— nega 
tive. 


Man- (70) (2 yr. old). 2 experi- 
mental inoculations of try- 
panoHomes from mares 29 
and 41. Oct. 4, 1907. 




Recurring 
rich in try 


oedemas, 
panoaomes. 


Normal, 
recovery. 


Foaled . 




Foaled . 




C.F. - 
Foaled . 


C.F. - 
Foaled . 


Foaled , 






Foaled . 


Complement Fixation,— nega- 
tive. 


Mare (71) (3 yr. old). Experi- 
mental inoculation of 100 c.c. 
<if blood from mare 29. 
Aug. 29, W)>i. 






Absence of 

definite 
symptoms . 


Normal. 


Foaled . 


Foaled , 






C.F. - 


C.F. - 








Normal. 


Complement Fixation,— nega- 
tive. 


Murr CH) (5 yr. old). Experi- 
mental inoculations after re- 
covery from a natural infec- 
tion from stallion 35. 




Tolerant. 

Slight 

oedema of 

vaginal 

mucosa. 


Normal. 
Inoc. of 
trypano- 
somes from 
foal 3f. 


Normal. 
Inoc. of 
trypano- 
somes from 
foal l.f 


Normal. 
(Employ 


ed us a fast 


driving ma 


C.F. - 

re or 5 yea 


C.F. - 

r».) 


C.F. - 
Foaled. 


F'oaled , 


Died in 
foaling. 






Complenjent Fi.xation,— nega- 
tive. 
Immunity acquired. 


Marr (53) (5 yr. old). Natural 
infection by stallion 35. 




Tolerant. 

Slight 

oedema and 

paraplegic 
symptoms. 


Normal. 
(Employe 


d as a sadd 


Ic mare for 


10 years 






C.F. - 


C.F. - 










Complement Fix;^tion,— nega- 
tive . 


















(DecO 




Mar< (75) (7 yr. old). Natural 
infection . 




OedemaH 

mucosa an 

pudendi, 

trypano 


of vaginal 
d of labia 
rich in 
^omes. 


Normal, 
recovery. 


(Normal h 


\iii\t\x maint 


lined.) 


C.F. +-^ 


C.F. + + 
Destroyed . 












Complement Fixation,— posi- 
tive- 


Marr (SB) (7 yr. old). Natural 
infection . 




Recurring 

mucosa, la 

under abd 

frcqu 


oedema of 
)ia pudendi 
5men. Tryp 
^ntly detec 


vaginal 
and 

inosomes 
ted. 


Normal, 
recovery. 


(Normal 


health.) 






C.F. + + 


C.F. + + 


Destroyed. 






Complement Fixation,— posi- 
tive. 


Mare (180) (5 yr. old). Natural 
ini'ection (1913) by stallion 

182. 


















C.F. -t-++ 
Plaques. 
Inco- 
ordination. 


C. F. + + 
Foaled. 
(Mule) 


C.F. +++ C.F. +++ 
Fair Paraplegic 
condition, symptoms. 
Emaciation. 


Died. 




Complement Fixation,— posi 
tive. 


Marr (181) (4 yr. old). Natural 
infection (1913) by stallion 
182. 










1 








C.F. -l-h-f 
Paraplegic > 


C.F. + + + 
ymptoms. 

Died. 
(Aug. 15) 


i 






Complement FLxation,— po.-i- 
tive. 


Stolhon (183) (3yr.old). Natural 
infection (1913). 




i 




■ 1 


i 


PlaQuow an t 
Trypan c 

pics c 


C.F. ++ + 

oedema, 
somes 
nt 


C.F. + + + 
Castrated, 


C.F. +++ 
Worked. 


C.F. + + + 

Failing 
health. 


C.F. + + + 

Decline 
and deatli. 


Coinplftnent Fixation, -posi- 
tive. 



Chart I. 




Sxperlmental Dourlne. 


(E. A. Watson.) 




ISOS 






Uth 


August September October No 


vEMBER December (Age 6/nMsj 


Horse-foal, 


Day 


stJ,i's^'?>? ^ .Si's; '5 JlVie !4;5^^V^ * ..I"!'.!*, «>!»», « .^ !y f ? vvi!» s i. k t ■* » « J 


??S!*»?i?!«««i?l<*«M!i5'*vN.,»*.*^«f**>*??s!*!t«9'«^«:?Ji*!'!e'J:!Mi?is 


105 

104 

103 

102 

101 

100 

99 

98 

97 


^it:F,i,.u:::;i4._,::._It::i:::::::::::;::::::::: 


1 


(Ko.3.f.) / 


_|.|.ii c. ± 


J— - -^ v^u- J_ -, i '' 


A^e G wet^As ' 


f§! 1 


„ 1,,, 1% ._ V" r,!^ 


JiiT_j::::::m:::j::::::::::::::::::i:::::/? 


4 T._ jw -M . 


Treated 


J:|'_. _...,____/ l_^j I^._^ A 


t- - i/t 1 I ^ 




iHi!^ d \ ..--yjB-- 


'^ i ' J^ ,,i..,{, Ik iLi /" \il ' 




4--r'T-T'""^--^^4^4^T-r^K'MWi ■ 


WvnM^ T '^n^^v< %/ 




1 L X 1 i i : J i 


..1 ::f,tf 




:i::i:::jT::::'T:! n:::::::iT;:^:::::::::::::: 


ill! _J_ ' J_ 




1^ t ..__^ 




TrypanoE 
Atoxyl - dose - 

Day after Inoc 


oroes 


_l r Tl ^ 


QT - T . ( r , Li 


■em. 




T\ ^„_ "" r»-r'-i-"j 1 -F'dr T 


r i _ . _ _li .^ jl ._j_, . ._ 


j "t "t XT P j_ 11 if^'iT 




1 utfJhra 1 1 1 


^'^f L.l, "r piderc^ rjT:, rr 


ultn 


sA •,'» s to ^ tti s:^ ". 1 » s *. "v* <» «;v «.!"!»•> »> k;«<»^ - |-| ■! ' "P "! -il■^^">;»^ '"X!* « 


5; ^ 'o*,")i»,S,to ^^ !^ §^[o, ");»ito:to> ^.^ § ^,.^"1 *-;Vijto >'.9|^^ -^ Nflj ♦AMtoV ^ft^ vJN,n*,to,to:x^ 






Continued:- 19 OS 






Mth 


January Februahy 


March Apl.-Mot^ 




Day 


\\<yiS^*V!«io,!V5'^'5'?;!5^1«:'«&!«!y^S:!s:Si!^^^ 


i5;Si?«;:!jtSi;'!5W«iW*'>;'»'~^S?'v?'5;'?!^'^^?*^^i!!fe'iSlte!5i5fe : "^-' 




106 

105 

104 

103 

102 

101 

100 

93 

98 

97 


I J iX' i IJ ^ M ! f 1 j 1 i 1 1 


' \\ \v '"tltXiirx"""" 4_iiXr'^"'" 




T _| [ Ur 1 j_ jii i! jyvj !|_|| 


W • T 'T yYF \'^ 




1 r 1 T ^P •\ '•■\ if HA^ Mil 


\\\\\ i Xi ' /x 1 1 




X X 'ij' '^ 'lU ' ! 1 ! h ' if i i\Aj ! i 


1 III ! i 1 ^i 1 i l||l f, Til: S js 




i i'' T"" [ \ SIVj i ^' ■■''-' J 1 K j i K 


; ii i i 1 1 M j ' 1 1/ ' I 1 ' 5 ' , is^ 




Mr illiiRAil ii/i h'VaR L ^f ' ' 1 .'iI 


aA" 'Ja^ 'i '"'ii»A''ir '■ m ii/ 'i" "l^ri?"^" 




m3^ WW 


/%vV\^'^ta |r|- 




' Yi ' , : ' i ! ! 1 ' ; I ' 1 1 ! 1 1 ! ! i M 1 1 J i 


1 ! ! ; ! ! ! 1 1 ;' ' C^'§r !ui 




ixxx:xiiLXX-""""----t--X44-V-" ' tl^t'"' 




I 4 " J — i^ 


XI X i 1 ■" 1 &M\ 


Tiypanosoroes 




^- --B--^-i-r¥^- s ' '^ ![?""" 


/itorvl - doze - bus 
Donovan's sol. o.cm. 


",""":: ::::ss:"+:r ._:::t::5:,::. 


3__.,5._| L_L !X_i X._L 5^p?:f:: 


.. .1 f J_ __^._IT-.5L .F.|.. JjS_._, 


„ 1 „.S_ 1 An.L»j_.T+t:.___ ,it„_ ri i r__ r 


f^i, s iv^reV na jyef-yiife>>i C'?re6/'o-iJ>irb( fei/tthsi i T 


Day after inoc 


Jltn_ 


£f ||. '|^,»i|f ^1 fe *^'^!°*:^^ N ^* Vi V >^:*;C^ 1 ^ fs.>-)» h to >^,^:^'^,^'N "> * S.to ^ ^:ci ^^;^J.-'.*:^ to;^ ^|0, 


^,N!o»")»>i,to^;^[ch^:\N;"i>toto>v;;c^^^ - v, -J ■-, cK^a^.^Iw"! » to,to!^j%l l " * ! 



Experimental Station (Health of Aninals)I,ethl)ridgo,Alta, Canada 



Chart 1. a. 



Horse, Bo.- 3.'f. 
'coi'tHnuea T- i §os>" 



Mth, APRtL 



Experimental Dourine« 



(E. A, Watson.) 



/►jsKS^SIf:* ?!^ *S!« i>fe'j!'S!^:is^|«j^!: 



Atoiyl - dose 

Day riftor inocultn 









JUNE 



JULY 




Hth 



ArsenophenylglydJF 



Day after inooultn 



July August M yg of onimal- /i/eaf a2mf-hs} SEPTEMBER 







OCTOBER 









Experimental Station (Health of Animals )Lethbridge,Alta, Canada 



Hor 

i 106 


se, No. 3. f. Experimental DourltlB. 


(E. A, ■(fetson.) 


hfinuec/- I909 


I9l6 


October November ^ December ^z 


igeofan;ma/-/^^rx) JANUARY 


i^^its^k'iiHi, 5!'5] ^I'SVii ^*^'^ ■•;» -> »^!» -^ 'O «'S ^ 51 7 t5i« ¥'9^V5iS'iti5 


i i i . 1 ! i i J M h M i i i 1 1 i 1 i 1 1 i i 1 i 4 


-jl riX'Tj" irt 11IT ■■ 




105 
104 


l'!Mij!':iiliiil ilMMji!! i ' T _._„_X- 


xxxxxT^iXx'x1X44xr_Trrx:ii:r 




1 MiliMlH" Hi lliMitill 1 ,__^^ , 


-"""X,, ^..^._.._X__.__.iXJ^^... 




103 

102 

101 

100 

99 

98 

97 


i rnx'ijTn \ \ i iMi x , i \ 


u X U t li*. I 




m^^Mim^^H^^ 


^ + T-Xt __ ifn 




y_v%?-MM\A^ 




" \ '' \\\ \ "Y\ ix^XT" ' " X"W+~'Vr~ 


4 iX 1 XI , r r i r 






X ^ ■ ix ' 








Trypanos 
Day after Inoc 


ones 


1 \ 


r r~ 






n 

Mjaehei-i/Wei/M 7f7tfW<incf//ic n. 11 




L.im> ? c4c Aiie.St ^if^/rf ii'nproi>epie^ 


- '- ' * i 1 ' ! ! ' ii i i ', 


! '-- 1 U p Jij 1 J 1 i i I ! ; . 4._F D 11. ..[.__ 


altn 


§i|:v ». 1 ♦ >) to \ ^^ - »q*i'2j5 !^a5iS£ '"!&Vj!:i5i?Ji^ J51!i*^i*i'' '^^•'^^^P'X^'^'bj'^^^J: 






1910 






Mth 


January Februarv March 


April May 




Day 


kv^V« V J^V. s . . *i. » <'HH^\^%U^tidMk « V s 4,s *.!«=,? v» 5 »* $ ^ in 


tili.P^QTuT'UXif 1 ilxXJ-U'! IJX 




105 
105 


1 J 




__ _ ,, 


"Tr-"^ - - I X ij 1 1 1 . 



Atoryl - dose - gta 

Day 




97 rtrr 

rrypanosqrpes^|_[_i^ i 






Mtll 



At Mnophe nyl gl ycln 






July 



August ta^e of animal • /year * 2 mfhi) SEPTEMBEP 



y?t I? t W;<A*Mi*^?*ii>E?.'>''^*' "^ *!^ i* > '_ ?*> °^ ?*«^^5ij;M^?H5V^v 



Day after inocultnjo, 






!«i'5SSiWs^ 



Octo ber 



wiW*9?W^ 




- ^rit^/ft Ocular- pheiioiiii viii 

• «w£T»)'t:n-<i»,i»ii^>.ithi'oASi 



'^^i^i'^:*''^'^*",^.^(R.' 



S^ 



c^a*^ 



!j);°l!§lj»i 



^jitirkea t^e/yrJs'sra^ &^e^era/ i/)hea/^f^. y.5Hff ^ tvedA 



Experimental Station (Health of Anlmal5)Lethbridge,Alta, Canada 



Chart Lb. 


Horse, Fo. 3. f. Expcrlnental Dourlne. (E. A. ^fetson.) 




Co/jfinuec/:- 1969 ISlO 






nth October November 


December (Age ofonimal* ItyrsJ January 






106, II r ^J T i ilTilJl TTTljiT 


?a§,^'<<.|''^^»^^>?*«5'?5'?'^«'9S^5SJ5«!i^'8^i?'^'NW»'v,e^«'«'Sv?^?!;5';:¥?S^ 


•^;'Ji 




iMI! ii ! iM ii -^ : j llT ! T! 


III 




i T T r - M 1 NT 


111 




104 r n t t Tip T Ti 


r i TE 1 jT^ -^ ^^^ Vu 






103 I J^ 1 Jl 1 I i J i i L 


') ■ii""" i It X 1 iH-"'"!!"'" pr^i 






io2^_Tjjj_m TT 1 ji _w^irn]irr . 


A lL nV» '^ ^ Mv 






-/--^A^^ 


^^AfV -t^^i^/v-L^^/^Ar-^ 






99 , ' ^^ i III; 




r 




-^^ \-'^ ^---P -,,^ ^ -^_f.4-^- ,-p ^1^ — - 






98 i IT ^ ' 111 


^ i t T 1 IJTT IL 11 T Tm 






" ill " It T 1 1 


n ^ T j IT 1 ! 11 




Trypaaos 
Day after inoc 


oraes i i i i 


1. ' L 4 ' 4_ '1 _L_j 1 ' 




-J -^V '--IT^'T' 


i Jj K i. 1 i 




LiHfe iihohaeor^sfh 


7A/ // iprovefri^jyr h jefferb/ iheo/^/t ah</ i^ctm/mt n. \ 




TT JT'J ' 


\\ \ \\ T 1" TT FLTr IT 1 : [ 1 C'^ 4TT '-^-T:- 




ultn §:S ^'**«) *i^ 'Oi*^j*i°>{!^ *'•' ♦■'^\>K^'».;^^ nS>s''0|>'^j<^^;v n:'*i'».j'^»oX|^;oi 


■-oIk^ 




1910 






Mtt January Februarv March April ^ 


lAY 




Day ^ -t *«.?.iiS'«-, . s I. ^ *c,l«'» •. ? X \ v^'* ? «'<'s;V«'S!'«;«k^''.:.'s'v.y 


(Tt^ji'^ - -p^-j - -^ y - -— ji - }-n-|r -i i TI j- ft 1 i 1 ill ri r 


^^'v, 




106 1 J Tit n 1 1 


1 




lost Tt 1 il 


ft T^itr IT !r|_■YT|JTri1TT!TilT' 






!«-- ^ . T _T ILrf 


T^ II III Jl 1 llj' I Hi 'ii 


1 




103 T 7rj i 1 : 


J r "'" 1 T T '"T I'lr^ iH li 






102 T X |1|T 1 1 1 


^u+i IT ^^^■'■^ r^nii ^'i 'i 






"z >Ay\yvUftfflv^^ 


iJ^KfeS %)lrli 


Hii 




99 1 ' 


-j_ -i^jj^L*.-hFWfcA.\,jmw ryj|yj|f)(||^||| J. , , yMuyyW 


tW 




98 


1 III 1 Li ' I'i " 


; 




97 


.4 t 1.4^._ 1 ... i.„.h mi 4 




Iiypanos 
Day after looc 


oroes [ _L 1 ' 


' 1 I ' t, i L 




i ' 


■■■■'' ! ! ' 


"'" 


1 r^ 


irUed facia/ crrta}. J. ! j 1 


1 


1 M'*' 




■-T 


jltn §|i^'x'>»«^>^:§^~itSfo;K^JtM,.,»j*,yix,if=,l^v«,»f,»i,j.o;o 


V^<6X<<) 



Experimental Station (Health of Animals jLethbridge.Alta, Canada 



Chart I.e. 


Experimental Dourlne. (E. A. Watson.) 


010 - - -. 




nth MAV JUNE OuLV August 




Day:bAMfn?v<i^^K<<i»5«^;e^H^^:xs,,ste\V'^fv\>??S)?^??,<'^«5W;Je**««xv->»',».A«^f»>^^^ 




106 Ml i ll_ iiii 




105 i i J I ! 1 1 j i i 1 i 1 




104 ^ lA ' i i • 




M3 Jll ■ - , ! 1 1 1 1 




W2 1T^ + -4 4^1 r\ T \\ Ji' 1 ! J, ,11,1 i 'fc|i|j 




ICO MM/Wl^ii^^ nWW/IW^^llvbllliM m w^SjmvmmmtX WiH 




99 ' rT tV V y • ' y 'Vyy' V ' jfr m ; , r ', 't-,^*P'^^ |||/fV 




98 i~ lU 1x1 ± ^ I J i 1 ! i i 1 1 




9' ,,1 r"l""Tr"T^Tr i 


Trypanos 
Day after Inoc 


OrBBS _ _ _ . - - .j--.. 1.. ^ . ..^ . .. ^ _| 4^ 


tTT"f -rh -i- -+r rp ^ 


, , ■ i " H -^ - r-i 


,5 - ... .-, ..--.,.. .--.._. , ... i^ra^£ier,eror/,eii»h&corfcmon\ , ! 


ultn S,gNt.1»S»*,««lSs>.S*H,»\»^^ SNS%v,»k»^fNi,^»S«i\«l»|N»^*f,*Vj»«|v^.^»»,»^*«»^x^.,^l{V^V>;\*«|,VM,,,»v>^X>o,|>,N.,»v>4V,««,i:,\v^iV*,X, 


^ 


1 ■ —" ~ '- ^^ 




vxb. August. September October February March 




Day^i'*^ «fev^n»VAV<.>x^^:?!: x^>?f5!S*??*>ii*«'«,*'«T»^^^|v.x«,vVVVJ«**^*«>V»'«<**««^i| 




106 ■1+4.+.. T If ^ "'^ T , 1 I , 1 . 




1" T TI 1 - +^11 




104 In""" I'TT- 




103 T , friT T 1 1 




102 _, ^.... ; X X X -T 




101 MjL jjhA/jyijHJij ,-, + ^ CI /i 




100 flW m Wmim -- irf^ r-/h'rt--'i;'*»='v = t5--^r'""S; = "N"^=;-r. 




^^I^LfL .^( ui^^i^^^y ^^vfvyycvp- - . i^-»^^i <_>.ii...Yx^j 




98 ' iivi,i'mj'\'n^i,^vrto^'1_ \ j 




97 T 


Trypanosc 


mes ^_ .-. ^ 




i 


'mr ecO 'Hon; 7<> •:,'!, hc yf. ymjafoiHs ! 1 ! i 1 1 1 fai ■ At 1 i.i ii» ' 


Day after Inooultn |SB|NMi-i-i-i-iHi^'";^*">>:S^r''^V,^*i'^SNN-i-|-iS-'-!-lv-;--;-i-:-t-i-|-!-i- -:-•- ■S^"'^ 
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